Attitudes towards science: The design, construction, validation and use of an attitude scale. by Selmes, Cyril
        
University of Bath
PHD









If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 11. May. 2021
ATTITUDES TOWARDS SCIENCE:
THE DESIGN, CONSTRUCTION, VALIDATION AND USE 
OP AN ATTITUDE SCALE
Submitted by Cyril Selmes, M.A,, 
for the Degree of Doctor of Philosophy 
of the University of Bath 
1971





INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest U375596
Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
COPYRIGHT
Attention is drawn to the fact that copyright 
of this thesis rests with its author. This copy of 
the thesis has been supplied on condition that anyone 
who consults it is understood to recognise that its 
copyright rests with its author and that no quotation 
from the thesis and no information derived from it may 





PART 1. Attitudes towards Science: The Design 
and Construction of an Attitude Scale
Chapter 1. Introduction ^No^
1.1 Background to problem. 1
1.2 Interest in the problem. 4
1.3 Aims of the research. 7
Chapter 2. The measurement of attitudes. 8
2.1 Definition of attitudes 10
2.11 Latent and manifest 13
variables.
2.12 Problems of validity 14
2.2 Methods of constructing 
attitude scales. 19
2.21 Differential scales 20
2.22 Summated scales. 23
2.23 Cumulative scales 26
2.24 Miscellaneous methods 27
2.3 The choice of summated scale 
for this study. 28
2.31 Comparison of the
various methods. 29
Chapter 3* Production of the Attitude Scale
3.1 The original questionnaire 32
3.11 EhvDdrable items 36
3.12 Unfavourable items 38
3.13 Method of scoring 39
3.2 Original samples 41
3.21 Sixth-form sample 42
3.22 Postgraduate sample 49
3.23 Method of analysis 53
3.3 Item analysis 54
3.31 Scoring of question­
naires. 55
3.32 Coding and punching
of data 56
3.33 Selection of high- 
scoring and low-
scoring groups 56
3.34 Preliminary analysis 59
3.35 t-testing 65
3.36 Results of t-testing 71
3.4 The final attitude scale 74
3.41 Possible sub-scales 74
3.42 Postgraduate and sixth-
form items (part A) 75
3.43 Postgraduate items
(PART B) ‘'
3.44 Sixth-form items 78
(PART C)
3.45 Additional items 80
(PART D)
3.46 Possible sub-scores 80
and total score.
3.5 Use of the attitude scale 81
Chapter 4. Analysis of the original and 
confirmatory data.
4.1 The sixth-form sample 82
(Schools A and B)
4.11 Re-scoring and re­
coding. 82
4.12 Analysis of variance 83
4.121 Results of analysis
of variance 88
4.13 Comparison of means 93
4.131 Results of comparison
of means 99
4.14 Reliability of the 
measurements. 101
4.15 Validity of the scale 104
4.2 New sixth-form sample(School C) 104
4.21 Scoring and coding 105
4.22 Analysis of variance 105
4.221 Results of analysis
of variance 107
4.23 Comparison of means 109
4.24 Reliability of the
measurements. 110
4.25 Validity of the scale 111
4.251 Stereotyping measure 112
4.252 Correlation of stereo­
typing and attitude 
scores 114
4.253 Correlation of '0* 
level subjects and 
attitude scores 115
4.254 Correlation of ’A ’ 
level subjects and 
attitude scores 116
4.3 Postgraduate sample (67 & 68) 119
4.31 Re-scoring and re-coding 119
4.32 Analysis of variance 123
4.33 Reliability of the 123
measurements.
4.4 New postgraduate sample (1969) 124
4.41 Analysis of variance 128
4.42 Reliability 129
4.421 Test of the difference
between correlated means 130
4.5 Further analysis of sixth-form
sample (Schools A and B) 131
4.51 Sorting of items for
frequency of responses 132
4.52 Chi-square test. 132
4.53 Differences between the mean
scores 138
4.54 Critical (t) ratios for the
differences between means 141
4.6 Further analysis of School C 143
4.61 Differences between the
mean scores. 143
4.62 t-testing the differences
between means 144
Chapter 5 Interpretation and discussion of
the results. 147
5.1 The attitude scale 148
5.11 The reliability of the
attitude scale 148
5.12 The validity of the
attitude scale 150
5.121 Content validity 151
5.122 Concurrent validity 153
5.123 Summary of validity
measures 157
5.13 Differentiation between 
students 158
Chapter 6 Conclusions to Part 1
U
Chapter 7 Further attempts to confirm 
validity
















Selection of research 
scientists.
Selection of Fellows of the 
Royal Society.
Response to the postal 
survey.
Responses from scientists 
and Fellows
Reasons for non-completion 
of scale.






Mean scores for undergrad­
uates .

















Analysis of variance, under- I89
graduates and social scientists
Comparison of means, under- I89
graduates and social scientists
7.2 Selection and testing of biology 191 
tutors
7.21 Responses from biology tutors. 191
7.22 Information from biology tutors. 192
7.23 Analysis of responses to items. 193
7.3 Discussion of results: scientists and Fellows.
19^
7.4 Discussion of results: social scientists and undergraduates 197
7.5 Discussion of results: judg­
ments of biology tutots. 198
Using the attitude scale. 199
8.1 The choice of Nuffield and non- 
Nuffield samples. 199
8.11 Selection of Nuffield schools 200
8.12 Selection of non-Nuffield schools 201
8.13 Responses from schools. 202
8.14 The school samples. 203
8.15 Method of analysis 20^
8.16 Analysis of variance for school 
sample.
205
8.2 Discussion of results; Nuffield and 
non-Nuffield comparisons
206





The writer wishes to express his sincere thanks 
to the following people:
Professor Kenneth Austwick for his unfailing 
encouragement and helpful criticism;
Mr. Olaf Ohedzoy for many helpful discussions of 
the statistical problems involved in the work; 
Mr. Leslie Sturges and Mr. George Myton for 
arranging the original testing of the question­
naire; the members of U.B.E.T. who assisted by 
acting as a validation group; and all the 
teachers, scientists and sixth-formers who co­
operated by completing the attitude scale and 
supplying other information about themselves.
Attitudes to science; the design, construction, 
validation and use of an attitude scale.
Summary of the research.
The main purpose of the research was the production of 
an attitude scale which would yield a measure of an 
attitude towards science. It was also intended to 
use the scale to compare the attitudes of sixth-formers 
who had followed Nuffield courses with those who had 
not.
A list of statements, which referred to science, 
scientific method and the work of scientists, formed a 
provisional questionnaire which was presented to two 
groups of sixth-formers and to two groups of post­
graduate education students. This questionnaire was 
scored by the Likert method and high-scoring and low- 
scoring groups were chosen from both the sixth-form 
and the postgraduate samples. Item analysis was 
performed by t-testing the differences in mean scores 
of the high-scoring and low-scoring groups, and this 
led to the selection of 56 items to form a summated 
attitude scale composed of four parts.
Scores on this attitude scale were used to compare 
science, mixed and arts students in the sixth-form 
sample; analysis of variance by the method of un­
weighted means showed the presence of significant
differences in mean scores. These results were con­
firmed by repeating the testing and analysis on a new 
sixth-form group, which was also used to obtain 
measures of validation,
Comparison of mean scores between the various 
disciplines of the postgraduate students showed no 
significant differences: this was confirmed by testing 
another group of postgraduates.
Reliability measures were obtained for all groups by 
using the split-half technique: the test-retest
technique was used with the final group of post­
graduates .
Further validation studies were completed by comparing 
the mean scores of the postgraduatçécientists with 
those of research scientists and Fellows of the Royal 
Society.
Comparison of the mean scores of Nuffield and non- 
Nuffield biology students (sixth-formers) showed 'no 
significant differences.
P A R T  I
ATTITUDES TOWARDS SCIENCE: THE DESIGN AND CONSTRUCTION
OP AN ATTITUDE SCALE.
CHAPTER 1. Introduction.
* Power to-day is seen to be with the talkers 
rather than the inventors; those who protest 
dominate those who create; the patient and 
logical discipline of science is less 
acceptable when life offers so many rewards
to the undisciplined ......  There is little
curiosity about science - so much is now 
established fact. Techniques of science 
have become too careful to be exciting.*
(Potts, 1968)
1.1 Background to the problem.
The English educational system has been noted for 
its high degree of specialisation for several decades: 
at secondary schools in England and Wales, most students 
study only arts or only science subjects after the age 
of 15-16 (Dainton, 1968); at University, the majority 
take first degree courses involving a 'single-subject* 
and there is little interchange of students between 
disciplines (McCarthy, 1968).
This state of affairs has been well-known but 
poorly documented until the previous decade (1960-1970):
2.
some have lamented the consequent production of Two 
Cultures (Snow, 1959 and 1965) while others have 
endorsed 'the English principle of specialisation' 
(Crowther, 1959, para.385). Attempts to broaden the 
curriculum at secondary school level have been made 
from time to time: either by advocating the importance 
of minority-time work or General Studies (Peterson,
I960) or by reducing the amount of examination work in 
the sixth-form (Schools Council, 1966 and 1967). At 
University level, attempts have been made to broaden 
the education of scientists by introducing courses in 
Combined Subjects and by liberalising the content of 
science courses (devons, 1969): in a few instances, 
for exemple, the Foundation Year at Keele University, 
students have been given the opportunity of studying
OL
combination of science and arts subjects and this 
has enabled some students to change disciplines. In 
spite of this, McCarthy (1968, p.8) shows that first 
degree graduates in combined or general science courses 
form between 15 and 17 per cent of all science graduates, 
and that these 'generalist' courses are often associated 
with the academically inferior pass degree; in contrast, 
American graduates receiving a 'generalist' education 
form between 65 and 75 per cent of science graduates, 
and there is no suggestion of academic inferiority.
Studies like McCarthy's and The Dainton Report 
were initiated by Government departments attempting to
determine the factors which affect the employment of 
scientists and technologists in an advanced techno­
logical society: the mass of data, concerning special­
isation and its onset, provided little information 
about the reasons for choosing science subjects in the 
first place; the 'swing from science' reported by 
Dainton remains as mysterious as the more recently 
reported (T.E.S.8,Jan.1971) cessation of 'the swing'. 
Nevertheless the Dainton report suggested that the 
attitudes and interests of young children played an 
important part in their choice of 'occupational areas' 
and that the quality of the science teaching they 
received could be a contributory factor in their choice. 
Butcher's study (1969 a and b) of 1,000 Scottish school­
children confirms the importance of attitudes and 
interests: measures of scientific interest, ratings of
school subjects and of careers appeared to be better 
indicators of interest in and aptitude for science than 
school marks in science and the kind of course chosen 
in the third year of the school. The relative un­
importance of ability in science may be due to the 
group of children who were s^Lected for study; only 
those who were likely to go to university were included.
1.2 Interest in the problem.
During the period from September 1957 to July 1966, 
the writer was involved in teaching science to the Arts 
sixth-formers of a large co-educational grammar school 
in Northamptonshire. The school had adopted the policy 
of providing approximately one-third of the sixth-form 
curriculum for minority-time work: the science lessons 
were part of the minority-time and involved 20 students 
in 1957, rising to 100 students in 1965; the majority 
were not studying a science subject for the Advanced 
level of the General Certificate of Education.
The nature of the science course altered consid­
erably during these years, mainly due to the teachers' 
growing awareness of the sixth-formers overall attitude 
to science which appeared to have three distinct, but 
recurring, features:
a) a view of science.which emphasised the fixed 
and factual nature of scientific knowledge and which 
neglected the investigatory^, tentative and changing 
nature of scientific knowledge;
b) a view of scientists which emphasised the 
logical, rational and painstaking aspects of their work 
and neglected the inspirational, emotional and impetuous 
Aspects; and
c) the possession of distinct stereotypes of 
scientists and non-scientists, both in terms of their 
work and their everyday life.
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On moving to a new School of Education which was 
particularly concerned with the training of graduate 
scientists for teaching, it was interesting to compare 
(in a subjective way) the apparent attitudes of 
graduates with those of sixth-formers. The graduate 
scientists appeared to have more understanding of the 
experimental nature of science but this seemed to be 
limited to knowledge of particular research methods 
and techniques rather than awareness of science as a 
method of investigation carried out by fallible human 
beings. Once again the emphasis appeared to be on the 
logical and rational routine of science rather than the 
intuitive and hypothetical nature of investigation.
One further impression was gained: in spite of their
training as scientists they were 'unscientific' in their 
approach both to teaching and to educational problems; 
a conclusion similar to one reached by M.L. Johnson- 
Abercrombie (i960,p.15) who said 'It seemed that 
scientific ways of thinking did not automatically result 
from learning the facts of science and that a more 
radical approach to training was necessary'.
Another reason for interest in the attitudes of 
students toward science was the work of the Nuffield 
Science Teaching Projects: in 1962 the Nuffield Founda­
tion, as a result of preliminary work by the Association 
for Science Education (A.S.E., 1961), provided a grant 
of £250,000 for the development of new secondary school
6.
courses in biology, physics and chemistry. The courses 
were intended for pupils capable of achieving Ordinary 
level standard in the G.C.E. and the emphasis was 
placed on up-to-date content and an experimental and 
investigatory approach: the previous bias of many
secondary school science courses towards the memorisation 
of factual knowledge and reliance on authorities in the 
form of teachers and textbooks (Bassey, 1963) was to be 
replaced by active participation in experimental invest­
igations and the encouragement of scientific thinking.
By 1967 the 'O' level courses were being publicised and 
the Nuffield Foundation extended their grants to cover 
the development of Advanced level courses which would 
continue the innovations already introduced. It was 
envisaged that students who had completed these courses 
would be 'different' to those following more conventional 
courses. There was the clear implication that these 
students would have a different attitude towards science 
and more understanding of the work of scientists.
Thus it seemed appropriate to consider developing 
an attitude scale which could be used to identify more 
closely the attitudes of sixthformers and science 
graduates towards science.
1*3 Aims of the research.
a) To construct an attitude scale which would he 
both reliable and valid in measuring attitudes 
towards science, suitable for use with graduate 
scientists and sixth-formers.
b) T&o use the attitude scale to compare the 
attitudes of graduates in different disciplines 
and to indicate the extent to which there was a 
change in attitude during a postgraduate course 
for the training of teachers.
c) Ta use the attitude scale to compare the 
attitudes of Arts and Science students in the 
sixth form, and to compare the attitudes of 
students who had completed a 'Nuffield’ course 
with those who had not.
d) To use the attitude scale for describing the 
differing attitudes in qualitative terms as 
well as quantitatively.
8.
CHAPTER 2. The Measurement of Attitudes.
'Without this concept, socialpsychologists could 
not work in the fields of public opinion, 
national character or institutional behaviour - 
to mention only a few areas; nor could they 
characterise the mental organisation of social 
man. The term itself may not be indispensable, 
but what it stands for is.*
(Allport, 1954,p.45)
The term 'attitude' shows many of the features 
typical of the terminology used in science, particularly 
the social sciences: it was derived from everyday^
language; it is still shared between the technical 
language of social scientists and the everyday language 
of common sense; in both languages it has a long history 
of usage and has undergone changes in meaning; and it 
has developed as an interdisciplinary term, equally 
acceptable to both psychologists and sociologists.
This state of affairs has advantages and dis­
advantages. One advantage lies in the ability to 
communicate information about attitudes without the 
necessity of providing a formal definition of the concept 
(Evans (1965), for example, is able to write a book about 
attitudes and interests in education in which the 
definition of an attitude is never explicitly stated in 
a formal way; and Jahoda and Warren (1966, p.7) say 'we
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can plunge into a discussion of attitudes without 
necessarily backing off at the outset to go through the 
difficult procedure of defining the term.' The main 
disadvantage would seem to be the terminological jungle 
which has resulted from the use of the term according 
to the theoretical framework of the individual investi­
gator: sociologists tend to view attitudes in the
context of their social value; psychologists emphasise 
the relationships between an individual's attitudes and 
other psychological characteristics. (Newcomb, 1964)
The next section attempts to present some 
demarcating features of the concept of an attitude and 
to relate these to the problems of measuring attitudes.
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2*1 Definition of Attitudes.
The following features are essential components of 
the concept:
a) it includes one or more persistent psychological 
states of an individual;
b) this persistent psychological state is related 
to a group (or groups) of objects or situations 
which persist in the individual's world;
c) this attitude to objects or situations is 
consistent, but subject to change ;
d) it can only be inferred from observed responses 
or acts performed by the individual;
e) it is based on previous experience and will be 
used in approaching new situations;
f) attitudes will be related to other attitudes 
according to the values of an individual.
Thus the concept of attitude is an abstraction from 
a large number of related acts or responses 4 when one 
tries to describe a person's attitude towards something 
it is only possible by forming an abstraction based on a 
number of observations or pieces of information. 
Unfortunately the same observational data may give rise 
to different kinds of abstractions and thus a different 
'picture' of the person's attitude. In spite of this, 
an attitude for an individual will be an influential 
feature of his life := his perception, memory^ learning, 
judgment and thought will be determined by his attitudes 
(Bartlett, 1932); his relationships with other people
11.
will depend upon the attitudes formed and modified by 
his participation in group activities (Klein, 1959 );
and his attitudes will reflect the value placed on the 
stimulus object or situation by the individual according 
to his life values (Allport, Vernon and lindzey, 1951).
These features of an attitude can be detected in 
the following attempts to provide a satisfactory 
definition. G.W. A^lport wrote 'An attitude is a mental 
state of readiness, organised through experience, 
exerting a directive or dynamic influence upon the indi­
vidual's response to all objects and situations with 
which it is related.' (Allport, 1935,p.810). This 
definition emphasises the first five features in the above 
list: the mental state of the individual; its directive
relationship to objects and situations in the individual's 
world; its dynamic relationship to objects and situations; 
its influence on the observed acts and responses of the 
individual; and its basis in previous experience.
Another much-quoted definition states 'An attitude 
can be defined as an enduring organisation of motivational, 
emotional, perceptual and cognitive processes with 
respect to some aspect of the individual's world' (Krech 
and Crutchfield, 1948,p.152). This definition emphasises 
the persistent nature of an attitude; its relationship to 
motivational and emotional processes as well as perceptual 
and cognitive ones; and its dependence upon experience of
12.
the individual's world. A later definition again 
emphasises the persistency of a group of responses towards 
a group of social objects: 'an individual's social
attitude is an enduring syndrome of response consistency 
with regard to a set of social objects' (Campbell, 1950, 
p.31).
In relation to this study, acceptance of the main 
features of the concept implies that the following assump­
tions about the nature of an attitude towards science and 
scientists are both reasonable and acceptable:
i. the person being studied will possess an 
attitude towards science and scientists;
ii. this attitude will be consistent and yet 
subject to change;
iii. this attitude can be inferred from
responses to objects or situations; and
iv. this attitude will be based on previous
experience and will be used in approaching 
new situations.
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2*11 Latent and Manifest Variables.
The statement of these assumptions, baaed on
attempts to define attitudes, highlights one of the major
problems in the assessment of attitudes: much of what is
said to be an attitude is hidden from view and cannot be
a
observed. 'Attitude isyhypothetical or latent variable 
rather than an immediately observable one' (Green, 1959, 
p.330) or 'Nobody, after all, has seen an attitude with 
his eyes; and nobody ever will' (Jahoda and Warren,1966, 
p.8). Any method of assessment relies on the possibility 
of inferring the attitudes of an individual from a sample 
of responses to specific situations: no direct observation 
of the psychological state, or the previous experience on 
which it is based, is possible; the presence, consistency 
and modifiability of the attitude can only be judged from 
the responses obtained. The problem, then, is to sample 
the manifest variables (the responses to specific 
situations) so that inferences may be made about the 
latent variable, the attitude.
Green (1959) suggests that three different kinds 
of attitude universes (the set of responses comprising 
an attitude) may be studied:
a) ACTION attitudes - where observations of the
behaviour of an individual are made and 
attitudes are inferred from this behaviour;
b) SPONTANEOUS VERBAL attitudes - where an
14
individual expresses an opinion which may 
be a reflection of an attitude; and
c) ELICITED VERBAL attitudes - where an individual 
is placed by an observer in a situation in 
which he expresses or reacts to opinions from
which his attitude is inferred.
Action attitudes are rarely studied because of the 
difficulties involved: the limited extent to which
observations may be made; the time-consuming nature of 
the procedure; and the ambiguity which may result from
the subjective interpretation of the observer.
Spontaneous verbal attitudes are equally difficult 
to study: the observer has all the disadvantages
associated with action attitudes as well as the likelihood 
that the subjects will modify their expressed opinions 
because of his presence. They may even formulate views 
for the benefit of the observer.
Consequently, elicited verbal attitudes have been 
the universes most studied by investigators. Interview 
techniques, essay-writing, tape recordings and projective 
techniques have all been used to elicit responses from 
which to assess an individual's attitude. These methods 
rely on subjective analysis by the experimenter and are 
difficult to analyse statistically, so that the need for 
more objective measures has led to the development of 
various kinds of attitude scales (see section 2.2)
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The relationships which exist between these 
attitude universes are important: 'An elicited verbal
attitude can never be a measure of an action attitude, 
but it may be taken as an indicant of the action 
attitude if a reasonably high correlation exists between 
the two' (Green, 1959, p.558). In other words, the 
sampling of elicited verbal attitudes raises the problem 
of validity.
2«12 Problems of Validity.
McNemar (1946) has summarised these problems most 
clearly. The primary problem is to supply evidence that 
the method of assessment measures or classifies the 
attitude that it was designed to measure. This basic 
statement may be subdivided into three questions which 
epitomise the problems of attitude research:
a) does the elicited verbal attitude represent 
a real attitude ?
b) can verbal or symbolio behaviour indicate an 
individual's tendency to action ?
c) what is the relationship between overt non­
verbal behaviour and verbal behaviour ?
In attempting to answer these questions, McNemar 
listed five ways of establishing the validity of attitude 
scales:
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i) comparing the test score with observable 
behaviour in a similar situation;
ii) considering the extent to which the scale 
differentiates the members of groups whose 
opinions are known.
iii) correlating the test scores with ratings
of the attitude made by close acquaintances 
of the subjects;
iv) checking the test scores against a known 
scale ; and
v) comparing the test score with information 
obtained either by interviewing or by self- 
rating of the subjects.
At first these methods of establishing validity 
seem eminently sensible; each of the methods proposed 
would go some way towards answering the three questions 
listed above. Unfortunately, closer examination of 
these methods merely brings one back to some of the 
problems outlined in section 2*11. Method i) re­
introduces the problem of observing attitudes in action, 
with the accompanying ambiguity and subjectivity. Method 
iii) would appear to have similar disadvantages together 
with an additional source of error due to the ratings
being made by different people under different circumstances. 
Moreover, the rating might depend as much on spontaneous
verbal expressions as on the observations of the subjects
17
concerned. Method v has similar disadvantages. Method 
^  seems to avoid the problem completely - although this 
method of validation has been used extensively in other 
areas involving the development of test materials, e.g. 
intelligence testing ( Heim, 1954). Method ^  appears 
to possess fewer intrinsic difficulties than the other 
methods and has been used in validating attitude scales 
of various kinds (see Thurstone and Cleave, 1929.» 
Eysenck, 1953.*, Evans, 1946; Perron, 1965; Oliver and 
Butcher, 1962) It could be argued, however, that this 
method involves very little knowledge about the action 
and verbal attitudes of the validating groups which are 
often chosen by a single simple criterion: for example,
by membership of a political party in Eysenck's work or 
by interest in teaching in Evan's work.
More recent writers than McNemar suggest that the 
problem of validity has been overemphasised: 'emphasis 
on the validity of verbal attitude scales' says Green 
(1959,p.341), 'obscures the fundamental issue in attitude 
research. We are interested in the relation of 
attitudes to other variables, e.g. socioeconomic status, 
education, exposure to propaganda, other attitudes.' A 
few writers appear to rationalise the problem into non­
existence: Perron (1965,p.296) says that 'the problem
of validity remains unresolved,' 'the assessment of 
validity is a subjective one,' thus ' define the attitude 
as "what the test measures" '. And Eemmers (1954,p.201)
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has suggested that 'if we are only interested in knowing 
what the present attitudes of a given group are, we can 
equate validity with reliability*,
Part of the problem is a verbal one: writers using
the term validity in a variety of different ways. Lovell 
and Lawson (1970) reflect and summarise both the changes 
in meaning and the more precise definition of different 
types of validity which has arisen when they describe the 
four basic types of validity used in educational research:
a) content validity - where the investigator is 
concerned with the technique being used and 
its suitability to the subject under 
investigation;
b) predictive validity - where one attempts to 
estimate the extent to which the technique 
forecasts the kind of behaviour it was 
intended to forecast;
c) concurrent validity - where one compares the 
results of the new technique with other 
measures made at the same time; and
d) construct validity - where the investigator 
is concerned with the interpretation of test 
scores in terms of a psychological construct.
This attempt to clarify the issues connected with 
validation has two important implications for the present
19
study:
± the need to choose a method of attitude - 
scale construction which has been shown 
to be both reliable and valid;
ii the need to provide evidence of different 
types of validity by using several methods 
of establishing the validity of the 
proposed attitude scale.
2*2 Methods of constructing attitude scales.
Measurement in psychology has always been influenced 
by the methods used in the physical sciences. In physical 
science many measuring instruments are based on interval 
scales where the distances between points on the instru­
ment are known and where the distance between two 
successive points on the scale is constant. The realisa­
tion that the property of equal intervals was an important 
one led to the psychophysical methods of the early 
psychologists and these, in their turn, influenced the 
pioneering attempts of L.I. Thurstone (1959) to measure 
attitudes. 'But measurement is a relative matter. It 
varies in kind and degree, in type and precision. In its 
broadest sense measurement is the assignment of numerals 
to objects or events according to rules. And the fact 
that numerals can be assigned under different rules leads 
to different kinds of scales and different kinds of
20
measurement." (Stevens, 1951, p.l) This kind of 
reasoning, together with adverse criticism of attempts 
to produce equal intervals in attitude scales, reduced 
the emphasis placed on this feature of their construction 
and led to the development of other criteria for judging 
the effectiveness of the scales (Section 2*3 p. 2.8)
Scales based on Thurstone*s methods to obtain 
equal intervals have become known as differential scales; 
scales which do not involve equal intervals have been 
developed in two different ways and are known as summative 
scales and cumulative scales.
2*21 Differential Scales.
To produce a differential scale the investigator 
selects items which appear to be related to the attitude 
being measured and which he hopes reflect not only the 
extremes in attitude but also intermediate expressions of 
attitude. These items may be chosen from literature 
concerning the_ object of the attitude or from interviews 
or recordings about the object or situation. Thus the 
original list of items depends on the judgment of the 
investigator, but the inclusion of an item in the final 
scale depends on some method of ranking or rating the item 
by a group of judges whose actions determine the position 
(scale value) of the item in the scale.
The crux of this method lies in the procedure used
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by the judges to rank or rate the investigator's original 
list of items. Two basic procedures (with many modifi­
cations) have been used:
a) the method of paired comparisons (Thurstone, 
1927, 1959) in whioh the judges are asked to 
compare pairs of items (statements) and to 
indicate which item is more favourable and 
which item is less favourable to the attitude 
being measured. By comparing all possible 
pairs of items, each judge has indirectly 
arranged the items in rank order; from the 
item which is judged to be most favourable
to the item which is judged to be least 
favourable. A scale value may then be 
assigned to each item by comparing the rank 
orders of the different judges, AND
b) the method of equal-appearing intervals 
(Thurstone 1929, 1931; Thurstone and C3rvave, 
1929) in which the judges are asked to divide 
the items into eleven groups ranging from the 
most favourable items (group I) to the least 
favourable items (group II), with those items 
which are neither favourable nor unfavourable 
in the middle (group 6). By constructing a 
cumulative frequency graph for each item, the 
median value assigned to the item by the judges 
may be determined: this mean value becomes the
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scale value for the item. The final scale can then he 
constructed by selecting items with scale values which 
range from one extreme to the other and which are spaced 
equally along the continuum.
Whichever method is used to assign scale value to 
the items, the final Thurstone-type or differential 
scale has the following characteristics:
i a series of items which has been chosen to 
sample the attitude universe (Section 2-11,p.13) 
under consideration;
ii each item in the scale represents a different 
scale value (or position on the scale) according 
to the classification of the judges involved;
iii the scale is used by asking the subject to 
indicate the statements with which he agrees or 
which seem to be closest to his own attitude;
iv the mean or median of the scale values of the 
items with which the subject agrees is calculated;
V this score is taken to indicate the position of
the subject on a scale of favourable-unfavourable 
attitude toward the object or situation; usually 
a low score indicates a more favourable attitude 
than a high score.
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2*22 Summated Scales.
To produce a summated scale, items are selected 
which seem to he either definitely favourable or definitely 
unfavourable to the object or situation being considered. 
These items are chosen initially by the investigator but 
their inclusion in the final scale depends on the reactions 
of a representative group of subjects who indicate the 
extent to which they agree or disagree with a statement by 
using several degrees of approval or disapproval. Only 
items which clearly differentiate between high-scoring and 
low-scoring groups are left in the final scale, but no 
scale values are given to these items.
The main features of this method are:
a) the procedure for scoring the response to 
individual items, and
b) The procedure for eliminating non- 
discriminatory items (item-analysis)
The procedure devised by Likert (1932) is the one 
most frequently used in scoring the individual items.
The scoring depends on the nature of the item (favourable 
or unfavourable) and the degree of agreement shown by the 
response: the five categories of agreement-disagreement






Thus it is possible to have either approval or dis­
approval of a favourable item; and either approval or 
disapproval of an unfavourable item. The responses must 
therefore be scored consistently: favourable items in one 
direction (high score indicating approval) and un­
favourable items in the opposite direction (high score 
indicating disapproval).
Item analysis is necessary to eliminate ambiguous 
items from the original list and to eliminate items which 
do not differentiate between criterion groups of some 
kind: the usual groups are the high-scorers and low
scorers on the total scale; and the responses are 
analysed to find the items which discriminate most 
clearly between these groups. The following methods have 
beerjused to select discriminating items:
a) ordering items on the magnitude of the 
difference between mean scores (Murphy and 
Likert, 1938; Perron, 1965)
b) ordering items on the basis of indices of 
item validity (Johnson, 1951, Loevinger,
1949; Guildford, 1954), and
c) ordering items on the basis of the significance 
of the difference between means (Edwards,1957)
Other methods of item analysis do not involve
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criterion groups but require a measure of the relation­
ship between item-scores and criterion measures, thus 
leading to the calculation of correlation indices of some 
kind. Guildford (1954) describes two basic methods:
a) Correlation of item scores with total scores 
in order to find the importance of the contri­
bution made by each item to the total score; 
and
b) correlation of item scores with a criterion 
measure (variable) which has been obtained 
independently of the test scores being analysed.
Whichever method of item-analysis is used, the final 
Likert-type or summated scale has the following charac­
teristics:
±. a series of items which were chosen to sample the 
attitude universe under consideration and have 
been shown either to differentiate between criterion 
groups or to correlate highly with one another;
ii each item is clearly favourable or unfavourable to 
the object or situation being considered;
iii the scale is used by asking the subject the extent 
to which he agrees or disagrees with each item in 
the scale;
iv each item is scored according to the nature of the 
item and to indicate the degree of agreement or dis­
agreement;
V the sum total of the scores for each item is taken
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to indicate the position of the subject on a scale of 
favourable-unfavourable attitude toward the object or 
situation; a favourable attitude may be indicated 
either by a low score or a high score, depending on the 
decision of the investigator.
2«23 Cumulative Scales.
To produce a cumulative scale, items are chosen to 
which the subject indicates agreement or disagreement but 
the relationship of the items is complex - 'ideally, an 
individual who replies favourably to item 2 also replies 
favourably to item 1; one who replies favourably to item 
3 also replies favourably to items 1 and 2; etc.' (Selltiz 
et al., 1959, p.317). Only items which fulfil this 
condition are left in the final scale.
The main difficulty of this method lies in selecting 
items with the above relationship - when Bogardus (1925) 
originally used this method he was interested in me a sailing 
'social distance' and his items were chosen so that they 
had the logical arrangement required by this relationship. 
Since then various attempts have been made to fulfil this 
condition: the most widely used procedure was devised by
Guttman (see Stottffer et al., 1950) and is known as scale 
analysis.
Scale analysis was devised in order to develop a 
unidimensional scale: one in which the items are
homogeneous in that they do not involve issues extraneous
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to the characteristic being measured. Guttman's main 
criterion for obtaining a unidimensional scale was that 
it should be a perfect, or nearly perfect, cumulative 
scale. Scale analysis is a complex procedure: the aim 
is to find items which form a graded series so that the 
score of the individual indicates not only the number of 
items with which he agrees but exactly which items he 
endorsed.
Thus cumulative scales are characterised by:
i a series of items which is unidimensional;
ii items with which a subject is asked to agree or
disagree;
iii a total score which is obtained by counting the 
number of items with which the subject agrees;
iv a total score which places the subject on a
scale of favourable-unfavourable attitude 
because of the cumulative relationship of the 
items.
2-24 Miscellaneous Methods.
Each of the methods above has advantages and dis­
advantages (section 2#31,p. 29 ) - in order to combine the 
advantages of the methods, various attempts to combine 
them have been made. Evans (1946) and Fleming (1959) 
have used the method of equal-appearing intervals to 
assign scale values to items, and have then produced a 
scale which is scored in a Likert-type way. Saffir (1937)
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also used the method of equal-appearing intervals but 
then used a selection procedure to include items with 
extreme scale values. Edwards and Kilpatrick (1948) 
and Edwards (1957) have devised a scale-discrimination 
technique which attempts to combine the best features 
of the Thurstone, Likert and Guttman methods.
2.3 The choice of a Summated Scale for this study.
The need to choose a reliable and valid method of 
attitude-scale construction was stressed in section 2«12 
(page 15). The purpose of this section is to summarise 
the advantages and disadvantages of the methods and to 
indicate why the Likert-type scale was finally chosen.
Pew comparative studies of these methods have been 
made and none of the studies seem free from the investi­
gator's bias towards a particular method. Saffir (1937) 
compared the methods of producing differential scales and 
concluded that the three methods of collecting data and 
the two psychophysical techniques for scaling produced 
comparable scales of equal validity. Edwards and Kennedy 
(1946) compared the method of equal-appearing intervals 
with the method of summated ratings and concluded that 
such a high correlation was obtained that the ranking of 
a group of subjects by these methods would be the same. 
Loevinger (1949) criticised Guttman's approach both 
theoretically and practically, and claimed that her test 
of homogeneity was superior to both scale analysis and
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factor analysis. Eysenck and Crown (1949) claimed that 
the Eysenck method (using factor analysis, followed by 
Likert-type scoring) was superior to the Likert method 
which, in turn, was superior to the Thurstone method in 
producing a reliable scale; and that factor analysis 
produced better unidimensionality than scale analysis.
In a more recent survey, Edwards (1957) produced evidence 
from a number of studies which suggest the Likert method 
was consistently more reliable than the Thurstone method.
These comparative studies gave little help in 
choosing a technique as the methodology of the studies 
was often questionable and seemed to favour the bias of 
the investigator. An alternative approach was to consider 
the advantages and disadvantages of each method and to 
relate these to the requirements of the present study.
The following comparison of the methods is based on 
the writings of Edwards (1957), Evans (1965), Oppenheim 
(1966) and Selltiz (1959).
2.51 Comparison of the various methods.
Oppenheim (1966) suggests five principles which have 
been used in attitude-scale construction. The investi­
gator tries to produce a scale which contains items 
related to the attitude universe under consideration and 
to no other attitude universe (PRINCIPLE OP HOMOGENEITY). 
The scale is intended to indicate a single psychological 
continuum and to be an interval scale (PRINCIPLE OP
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LINEARITY). The scale must he reliable. The scale must 
be valid. The meaning of the score should be clear and 
easy to interpret (PRINCIPLE OP REPRODUCIBILITY).
The advantages and disadvantages of the methods are 
summarised in the table below, using the five principles 
as criteria for comparing the methods.
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Thus the summated scale was chosen, in spite of the 
difficulties associated with homogeneity and interpreta­
tion of score, because the method produces reliable and 
valid scales and gives more precise information about an 
individual's attitude. In addition, it allows the 
comparison of groups and the study of changes in 
attitudes.
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CHAPTER 3. Production of the Attitude Scale.
'Measurement is never better than the empirical 
operations by which it is carried out, and 
operations range from good to bad. Any 
particular scale may be objected to on the 
grounds of bias, low precision, restricted 
geherality, and other factors, but the 
objector should remember that these are 
relative and practical matters and that no 
scale used by mortals is perfectly free from 
taint.'
(Stevens, 1951, p.30)
Producing an attitude scale towards science involved 
three main stages:
i Choosing both the items for inclusion in the 
original questionnaire and the original sample 
of respondents;
ii subjecting the items to item analysis; 
and iii selecting items for inclusion in the final
attitude scale by reference to the results of 
the item analysis and the aims of this study.
3*1 The original questionnaire.
A collection of items was made from a variety of 
sources: books and articles on scientific investigation
(e.g. Beveridge, 1950; Medawar, 1964); essays written by 
sixth-formers; and other attitude scales. Pour types of
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items were collected: items which
a) referred to scientists and how they behave 
both in their work and as people;
b) referred to science in general terms without 
making reference to the investigatory nature 
of science;
c) stated an opinion about science as a method 
of investigation;
d) were either emotive in form or were thought 
to have a latent relationship to other items.
The following are examples of each of the four types 
of items which were selected:
Type a) 'We found that the theory did not fit the
facts; and we were delighted, because this
is how science advances'.
(Item 6, original questionnaire, included 
in final scale)
'The cold dispassionate scientist is a mythical
creature'.
(Item 23, original questionnaire, included 
in final scale)
'Scientists have to be more dedicated to their
work than other people'.
(Item 65, original questionnaire, included 
in final scale)
Type b) 'Science is the greatest of all the works of Man' 
(Item 11, original questionnaire, eliminated 
from final scale)
'Science is a fixed and clearly defined body of
54
knowledge *
(Item 14, original questionnaire, included 
in final scale)
'There is a large element of faith in science'
(Item 34, original questionnaire, 
eliminated from final scale)
Type c) 'The formulation of a hypothesis is - let us
say a guess; is inspirational in nature'
(Item 8, original questionnaire, included 
in final scale)
'There is no such thing as unprejudiced 
observations: every act of observation we make 
is biased'.
(Item 10, original questionnaire, eliminated 
from final scale)
'Science proceeds by building up general statements
or laws from the evidence of observations'.
(Item 17, original questionnaire, eliminated 
from final scale)
Type d) 'Humility is not a state of mind conducive to the 
advancement of learning'.
(Item 5, original questionnaire, eliminated 
from final scale)
'He who has orcein his life experienced this joy
of scientific creation will never forget it'.
(Item 24, original questionnaire, included in 
final scale)
'Science is boring'.
(Item 45, original questionnaire, included in 
final scale)
Other criteria also had to be considered in 
selecting items: as explained in Section 2*22, page 23,the
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items in a summated scale are not given a scale value 
but are chosen because they are either definitely favour­
able or definitely unfavourable to the attitude being 
considered. In addition, various informal criteria for 
the selection of attitude statements have been suggested. 
The main points made in the summary given by Evans (1965) 
are:
1 statements must be relevant to the attitude 
under consideration; 
ii statements must be statements of opinion and 
not fact;
iii the language of the statements must be suitable 
for the test population; 
iv simple, short, clear statements are best; 
and V double negatives and words like all, never, only 
and merely should be avoided.
Edwards (1957) gives a more complete list of informal 
criteria which includes three additional dicta:
i avoid statements that may be interpreted in more 
than one way;
ii each statement should contain only one complete 
thought ; and
iii statements containing universals often introduce 
ambiguity and should be avoided.
Use of these informal criteria reduced the final 
list to 94 (Appendix II) items and the next step was to 
decide which items were favourable statements about
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science and scientists, and which were unfavourable, so 
that the method of scoring the original items could be 
decided (Section 2*22, page 23).
3*11 Favourable Items.
Items were labelled favourable (Appendix I 1 gives 
the complete list) if they fulfilled one or more of the 
following criteria:
i) emphasised the interpretative, imaginative and 
creative aspects of a scientist's work; 
ii) considered a scientist as a fallible human being, 
similar to other creative workers; 
iii) emphasised the growing and changing state of 
scientific knowledge ; 
iv) reflected the tentative nature and non-rational 
aspects of science investigation; and 
v) reflected an emotional state favouring some 
aspect of science.
These criteria were chosen after reference to a 
variety of books and articles about science and scientific 
method: the most influential were Beck (1962), Beveridge
(1950). and Medawar (1964). Each, in different ways, 
suggests that the logical, inductive process first 
described by J.S. Mills as scientific method has dominated 
and distorted the understanding of science and scientists, 
and that the imaginative and creative development of 
hypotheses is of equal importance.
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The following table shows the items (given in Section 
3.1; page 32) which were judged favourable and the 
criteria relevant to each item.
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Criteria directly opposed to those stated above 
were used to decide the unfavourable items'in the list. 
If statements emphasised the unimaginative and un- 
creative aspects of science, or considered a scientist 
as less fallible than other creative workers, or 
emphasised the rational and logical nature of scientific 
investigation; they were labelled unfavourable items.
The following table shows the unfavourable items 
amongst the examples given in section 3*1 (page 32).
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45 Science is boring. V 1 5
As mentioned previously (Section 2*22, page 23) 
items for a summated scale are chosen on the assumption 
that it is possible to decide which statements are favour­
able and which are unfavourable. Some of the items in the
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original list might be considered favourable by one 
investigator and unfavourable by another: not because
the item is neutral but because of the ’picture’ or 
perception of science possessed by the investigator.
For example, ’Science is the imaginative interpretation 
of the universe’ (item 1, original questionnaire, 
included in final scale) might cause this kind of 
dispute. In practice, the ’correctness’ of the decision 
made is revealed by item-analysis: the choices made by 
the test populations confirm whether or not the item 
should be scored as a favourable or an unfavourable one.
3*13 Method of Scoring.
With a summated scale (section 2.22, page 23), the 
subject not only indicates agreement or disagreement with 
each statement but is asked to indicate the degree of 
agreement by placing himself in one of five categories 
which run from ’strongly agree’ to ’agree’, ’uncertain’, 
’disagree’, and ’strongly disagree’. These five 
categories are scored 5, 4, 3, 2, 1 according to the 
’direction’ of the item or scale: if a high scale score
is taken to indicate a favourable attitude, then favour­
able items must be scored 5 for ’strongly agree’ down to 
1 for ’strongly disagree’; and unfavourable items must 
be scored in the opposite direction, 1 for ’strongly 
agree’ up to 5 for ’strongly disagree’. The direction 
in which favourable and unfavourable items are scored is shown 
in Tables 2 and 3, as well as in Appendix I 1.
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From these tables it can be seen that a high score 
is used to indicate a more favourable attitude than a 
low score. The total score for a subject is obtained 
by adding up the score for each item: as the number of
items in the final list was 94, the possible range of 
scores was 94 - 470.
Various methods have been used to indicate the 
degree of agreement or disagreement with a statement: 
some investigators (e.g. Evans, 1946; Meyer, 1969) ask 
their respondents to write down a certain number of 
'votes' for each category, the number of votes corres­
ponding to the score for each item; whilst others (e.g. 
Hudson, 1967) have five columns headed by the degree of 
agreement and ask the subjects to put a tick or cross in 
the relevant space. Another method, used by Eysenck 
(1953), was chosen for this questionnaire where the 
subject is asked to indicate his opinion by writing:
++ if you strongly agree with the statement,
+ if you agree on the whole,
0 if you can't decide for or against the statement,
- if you disagree on the whole,
—  if you strongly disagree with the statement.
The other instructions given to the subject are shown
in Appendix I 2 and were worded to emphasise:
i) the need for recording a personal opinion
about each statement; and
ii) the fact that there are no 'right* or 'wrong' 
answers.
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Additional instructions were given to the adminis­
trators of the questionnaire to the original samples: 
these instructions are shown in Appendix I 3*
3.2 Original Samples.
The questionnaire was intended for use with sixth- 
formers and postgraduate education students (see Intro­
duction, page 1) with the possibility of extending its 
use to both undergraduates and other graduates. Thus 
these groups of subjects were needed for the preliminary 
testing of the questionnaire. In choosing test subjects. 
Oppenheim (1966, p.134) says 'Respondents should be 
similar to those on whom the scale will be used' and 
Jahoda and Warren (1966, p.314) refer to 'these items are 
administered to a group of subjects representative of 
those with whom the questionnaire is to be used'. 
Individual research workers (e.g. Perron, 1965; Tuppen, 
1965; Webb, 1951; and Evans, 1946) seemed to choose easily 
available groups of subjects: thus the decision to use
the sixth-forms of two large schools and the students 
taking the postgraduate Diploma in Education course at 
Bath University had been made, and the testing completed, 
before the implications of 'representative subjects' had 
been established by Butcher (1966). The implications of 




The schools were chosen because they were known to 
have large sixthforms and the science teachers were known 
to the writer. Originally it was hoped to visit the 
school personally to administer the questionnaire: this 
did not prove possible so the questionnaires were sent to 
the schools with explicit instructions (Appendix I 3) to 
the teachers. They were asked to arrange for the 
questionnaire to be given to the whole sixth-form at the 
same time and to arrange for a consistent introduction 
and instruction to the test items. It was also made 
clear to the sixthform that the results would be confi­
dential and anonymous : the teachers made their own arrange­
ments for numbering the questionnaires so that it would 
be possible to re-establish contact with individuals if 
it was necessary; but only through the teachers and with 
the sixth-former's consent.
After the returned questionnaires had been scored, 
coded and the information placed on punched cards 
(Section 3.32, p. 56 ), the cards were sorted to show the 
main characteristics of the sixth-form sample. These are 
shown in the following tables:
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TABLE 4. NUMBERS OP BOYS AND GIRLS TAKING SCIENCE AND
ARTS SUBJECTS.
SCHOOL A SCHOOL B
Boys Girls Boys Girls Totals
Number in sixth-form 
but not taking A 
levels.
10 1 3 2 16
Number taking science 
subjects (including 
mathematics) only.
17 4 37 8 66
Number taking a 
combination of 
science and arts 
subjects.
12 5 27 17 61
Number taking arts 
subjects only 6 18 23 59 106
TOTALS 45 26 90 86 249
Table 4 shows the sample contains 135 boys and 114 
girls: it also confirms the expectation that more boys
(54) than girls (12) would be studying science subjects 
and more girls (77) than boys (29) would be studying arts 
subjects. Each school contained a number of sixth- 
formers who were not studying subjects to Advanced level 
of the General Certificate of Education (G.C.E.). When 
these students are ignored, the proportions from each 
school studying the different combinations of subjects 
are similar:
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TABLE 4. ^ of BOYS AND GIRLS STUDYING SIXTH-PORM
SUBJECTS.
BOYS GIRLS
School A School B School A School B
io studying 




34 31 18 20
io studying 
arts only. 18 26 67 70
The main surprise was the proportion of boys and 
girls studying a combination of science and arts subjects: 
these numbers had increased in the two years since the 
writer had been in contact with these schools.
TABLE 6. NUMBERS OP BOYS AND GIRLS TAKING SCIENCE 
SUBJECTS.
SCHOOL A SCHOOL B





1 0 0 0 1 1
2 4 0 3 0 7
3 11 1 31 7 50
4 2 3 3 0 8
Totals 17 4 37 8 66
Table 6 shows that the largest proportion of science 
students study three 'A* level subjects although a number 
study four subjects: the proportions are 76 per cent and
12 per cent respectively.
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TABLE 7. NUMBERS OP BOYS AND GIRLS TAKING ARTS SUBJECTS.
SCHOOL A SCHOOL B






1 0 1 0 1 2
2 2 8 10 16 36
3 4 9 13 42 68
4 0 0 0 0 0
Total 6 18 23 59 106
Table 7 shows no students studying four arts *A* 
levels: the majority again study three subjects but an
appreciable porportion study two; the proportions are 
64 per cent and 33 per cent. Only 10 per cent of science 
students study two ’A ’ levels.
TABLE 8. NUMBERS TAKING SCIENCE AND ARTS SUBJECTS.
Boys Girls Boys Girls Totals
Number of 
Arts Subjects





1 2 3 1 2 5 13 7 8 41
2 6 1 2 0 9 0 2 0 20
Total 8 4 3 2 14 13 9 8 61
Table 8 suggests that no combination of science and 
arts subjects predominates over the others: when this
table is simplified (Table 9) it can be seen that the 
majority (74 per cent) study three *A' levels, and a 
higher proportion of boys (38 per cent) have a bias 
towards the science subjects than the girls (18 per cent)
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TABLE 9. fc STUDYING COMBINATIONS OP SCIENCE AND ARTS 
SUBJECTS.
BOYS GIRLS TOTALS
No. io No. io No. io
Equal number of 
science and arts 
(1+1)
8 21 8 36 16 26
More arts than 
science (2-t-l) 16 41 10 45 26 43
More science 
than arts (2+1) 15 38 4 18 19 31
TABLE 10. AGE DISTRIBUTION OP THE SIXTH-PORM
Age in Years 15 16 17 18 19 Totals
School A 0 28 35 8 2 73
School B 17 74 61 24 0 176
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The age distribution of the sixth-form is shown 
in Table 10: School B has a policy of entering one
group of children for 'O' level after a four-year 
course of study while School A does not; this probably 
accounts for the difference in number of 15-year olds 
in the sixih form.
When these figures are compared with information 
collated in the Dainton report (Dainton, 1968) the two 
schools (A and B) appear to reflect the situation in 
schools nationally.
47
t a b l e 4A. c o m p a r i s o n OP BOYS AND GIRLS FOLLOWING 'A' 
LEVEL COURSES IN SCHOOLS A AND B WITH ALL 
SCHOOLS. (DAINTON REPORT, TABLES 32 and 33
SCHOOLS A&B DAINTON(1967 FIGURES)








TABLE 5A. COMPARISON OP BOYS FOLLOWING 'A' LEVEL 
COURSES IN SCHOOLS A AND B WITH ALL 
SCHOOLS (DAINTON REPORT,TABLES 32 &  33)
SCHOOLS A&B DAINTON(1967 FIGURES
Science group 44.5 45.8
Non-science 
group. 23.8 40.8
Mixed group. 31.9 15.5
Totals 100# 100#
The interesting feature is the larger percentage 
of boys studying a combination of science and arts 
subjects in schools A and B than in the national figures: 
both schools have a policy which encourages the combina­
tion of science and arts subjects in the sixth-form; 
many schools do not encourage these combinations 
(Dainton, 1968).
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TABLE 5B. COMPARISON OF GIRLS FOLLOWING ’A* LEVEL 
COURSES IN SCHOOLS A AND B WITH ALL 
SCHOOLS (DAINTON REPORT, TABLES 32 & 33.





Mixed group 19.8 15.2
Totals 100.0# 100.0#
TABLE 5C. COMPARISON OF BOYS AND GIRLS FOLLOWING 
'A' LEVEL COURSES IN SCHOOLS A AND B 
WITH ALL SCHOOLS (DAINTON REPORT,TABLE
34)





Mixed group 26.2 14.7
Totals 100.0# 100.0#
Tables 5B and 5C confirm this feature: the girls 
in Schools A and B seem to choose a mixed group of science 
and arts subjects rather than science subjects only; when 
the boys and girls are combined, the schools show a larger




The original questionnaire was given to both the 
1967 and 1968 group of postgraduate students at the first 
lecture of the Autumn term. Sorting of the punched cards 
showed the following distribution of students:
TABLE 11. NUMBERS OP MEN AND WOMEN AND THEIR TYPE OP 
DEGREE.
1967 1968 Totals
Men Women Men Women
Science 
degrees. 15 7 30 22 74
Social science 
degrees. 5 7 2 4 18
Arts degrees 7 14 0 9 30
Totals 27 28 32 35 122
The method of classification of degree subjedts was 
taken from the Graduate Teacher Training Registry 
(Appendix I 4) with one minor modification: another
category was added to the Social Science classification 
for those who had followed some kind of 'area' study, 
e.g. European studies at Sussex University.
This classification did not allow for various kinds 
of Combined Honours or General degree courses in which
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two or more subjects had been studied on an equal basis: 
in these cases, the main teaching subject of the student 
was used as the deciding factor. For example, a male 
student with Combined Honours in Biology and Psychology 
was classified as having a science degree, rather than a 
social science degree, because he was going to teach 
biology in Secondary Schools.
Table 11 confirmed there were approximately equal 
proportions of men (48 per cent) and women (52 per cent) 
in the sample. The high proportion of scientists (61 
per cent) was due to the bias of the School of Education 
which was particularly concerned with the training of 
science graduates for teaching. The change in the 
proportion of arts graduates from 38 per cent in 1967 to 
13 per cent in 1968 was also due to the policy of the 
department: a group of linguists was included in 1967 
but not in 1968. The numbers of scientists (including 
mathematicians) is shown below:
TABLE 12. NUMBERS OP MEN AND WOMEN AND THEIR SCIENCE 
DEGREES.
1967 1968 Totals
Men Women Men Women
Biologists 1 6 5 8 20
Chemists 5 1 6 5 17
Physicists 6 0 7 3 16
Mathematicians 1 0 5 6 12
Engineers 2 0 6 0 8
Totals 15 7 29* 22 73
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* the missing male scientist was a geologist, 
included in Table 11 but not Table 12.
The variety of degrees held by the social scientists 
and arts students are shown in Tables 13 and 14.
TABLE 13. NUMBERS OP MEN AND WOMEN AND THEIR SOCIAL 
SCIENCE DEGREES.
1967 1968
Men Women Men Women Totals
Sociology 2 4 1 2 9
Psychology 0 0 0 1 1
Anthropology 1 1 0 0 2




0 1 ' 1 0 2
European
Studies. 0 1 0 1 2
Totals 5 7 2 4 18
TABLE 14. NUMBERS OP MEN AND WOMEN AND THEIR ARTS D]
1967 1968
Men Women Men Women Totals
Geography 5 8 0 5 18
Prench 1 3 0 0 4
English 0 2 0 4 6
History 1 0 0 0 1
Pine Arts 0 1 0 0 1
Totals 7 14 0 9 30
The classes of the degrees possessed by these 
students are shown in Table 15:
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1967 2 9 18 13 2 0 6 7 57
1968 2 11 18 16 0 2 17 1 67
Totals 4 20 36 29 2 2 23 8 124
The proportion of students with 'high* honours 
seemed small but when these figures are compared with the 
levels of qualifications tabulated by the Dainton report 
(Dainton, 1968, Table 58), it appears that these recruits 
to the profession are reflecting the present level of 
qualifications quite closely.
TABLE 16. COMPARISON OP QUALIFICATIONS OP GRADUATE 
STUDENT-TEACHERS WITH GRADUATE TEACHERS.
Students Teachers
1st class honours 3 5
2nd class honours 47 48
Other graduates 50 47
Totals # 100 100
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3.23 Method of Analysis.
The original intention with the sixth-form sample 
had been to compare the attitude scores of the arts and 
science sixth: however, the sample had been taken from
two schools and it was possible that the schools had a 
marked influence on their students, and that this 
variable would account for some of the differences in 
scores; moreover, the sample was composed of boys and 
girls, another variable to consider. In addition there 
was a considerable proportion studying both arts and 
science subjects in the sixth-form.
Thus a number of groups were emerging which would 
need comparing: analysis of variance was suggested as a 
suitable method where the attitude scores were the 
dependent variable and schools, sex and type of course 
were independent variables. This suggestion was confirmed 
by McNemar (1962, p.270): 'Thus the P technique may be 
applied as a test of significance of the difference 
between two or more means based on large or small 
samples of equal or unequal size (per group) regardless 
of whether there is an a priori basis for arranging the 
groups in order.
Thus it seemed possible to use a three-way analysis 
of variance to compare the twelve groups of sixth- 
formers (Section 4.12,p.83)
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In a similar way, there would be several groups of 
postgraduates for comparison,and analysis of variance 
allows comparison of several groups simultaneously.
But, in both cases, any conclusions would be 
limited to the samples used because the samples were in 
no way random ones: consequently it was planned to use
another group of sixth-formers (Section 4.2,p.lOt) and 
another group of postgraduates (section 4.4,p.l2t) to 
find if the results and conclusions would be repeated.
3.3 Item Analysis.
Using the method of summating ratings (Section 
2.22, p.23), it is assumed that a high-scoring group and 
a low-scoring group from the original samples will 
provide criterion groups by which the individual state­
ments may be analysed. The main aim is to find a set of 
statements that will differentiate between the 'high' 
and the 'low' groups: these statements can be selected 
in a variety of ways (Section 2.22,p.23), but an essential 
requirement is the frequency distribution of scores 
based on the responses to all statements. To obtain 
these frequency distributions, scoring the original 
questionnaires, coding the data and transfering the data 
to punched cards were necessary preliminary steps.
3.31 Scoring of questionnaires.
The basis for this has already been described
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(Sections 2.22, p.23 and 3.13, p.39): favourable state­
ments are scored from 5 to 1 and unfavourable items from 
1 to 5; the scores for each item are added together to 
give the total score for each subject.
The form of the questionnaire made scoring a slow 
process until a simple form of paper template was used: 
this fitted over the questionnaire so that either the 
responses to the favourable items or the responses to 
the unfavourable items were exposed; the score for each 
item was then written onto the questionnaire and the sub­
totals for each page, together with the total score, was 
placed on the questionnaire.
On several occasions the responses were not placed 
against the item and, in spite of the template, responses 
were not scored: to avoid this error each questionnaire 
was checked for complete responses before the sub-totals 
were calculated. To avoid arithmetical error the sub­
totals and total scores were checked independently.
3.32 Coding and punching of data.
With 374 scored questionnaires, it was suggested 
that transfer of the data to punched cards would facili­
tate the analysis of the frequency distributions to each 
statement. The other data which had been collected 
(e.g. age, sex, university, class of degree) was also 
suitable for' coding and the suggestion was adopted.
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Coding instructions were prepared for use with 
two punched cards; the number of items necessitated 
the use of two cards, with the repetition of basic 
data on each card. Each subject was given g unique 
identifying number by using a prefix number which 
indicated the group to which the respondent belonged: 
for example 1 indicates sixth-former, 2 indicates 
postgraduate education student.
The information on each questionnaire could now 
be transferred to a coding sheet before being punched 
onto an I.B.M. card. The transfer of information to 
the coding sheet was checked independently at each 
stage and one in ten of the punched cards was verified
3.35 Selection of high-scoring and low-scoring groups
Sorting of the punched cards was carried out on 
an I.B.M. 85 : the first sorts were to show the distri­
bution of total scores for each group of subjects. A 
grouped frequency distribution is shown in the 
following table.
57
TABLE 17. GROUPED PREQUENOY DISTRIBUTION OP TOTAL 
SCORES.
Score School A School B 1967 PG 1968 PG Totals
390-399 0 1 1 0 2
380-389 0 1 1 0 2
370-379 0 1 1 1 3
360-369 0 1 1 1 3
350-359 0 4 2 0 6
340-349 2 5 2 2 11
330-339 7 15 11* 8 41
320-329 19 * 34 ^ 11 14 * 78 *
310-319 20 39 10 18 87
300-309 14 * 37 * 11 * 17 * 79
290-299 5 20 4 3 32
280-289 5 11 1 3 20
270-279 1 4 2 0 7
260-269 0 2 0 0 2
250-259 0 1 0 0 1
N = 73 176 58 67 374
This suggests that the four groups have similar 
distributions of total scores. Means and standard 
deviations were not calculated as the main purpose of 
this sorting was to enable the selection of the 25 per
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cent of subjects with the highest total scores and the 
25 per cent with the lowest total scores.
The simplest procedure would have been to select 
the 93 (N 4 4 = 93) cards having the highest scores and 
the 93 cards with the lowest scores, irrespective of 
the group of subjects to which the card belonged: this
would have ignored the basic dichotomy of the groups 
(sixth-formers and postgraduates) and obscured any 
differences in response of these groups. Each group 
was therefore considered independently by selecting the 
25 per cent with the highest total scores in each group 
and then selecting the 25 per cent with the lowest 
total scores in each group. The results are shown in 
the following table:
TABLE 18. NUMBERS AND SCORES OP 'HIGH* AND 'LOW'GROUPS
'HIGH'GROUP '.LOW'GROUP
N = N f 4 Lowest Score chosen
Highest Score 
chosen
School A 73 18 323 305
School B 176 44 323 301
1967 PG 58 14 331 303
1968 PG 67 16 325 304
Totals 374 92
Comparing the scores shown in Table 18 with the 
position of the * shown in Table 17 indicates the 
difference in cards selected : 5 cards of the 1967 Post-
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graduates scoring more than 330 were excluded by this 
method; similarly, other cards would have been 
selected amongst the low-scoring groups, notably 
School A.
The effect of this selection of cards on the 
frequency of responses to INDITIDUAL statements could 
only have been decided by sorting two selections of 
cards for each group of subjects : this would have 
doubled the amount of sorting as the eight sub-groups 
(four 'high* and four 'low') would have been sorted 
another 94 times; and this was not undertaken.
3.34 Preliminary analysis.
As stated in section 3.5, page^t, the statements 
that differentiate between the high-scoring and low- 
scoring groups can be selected in a variety of ways : 
Edwards (1957, p.155) states - 'Other methods of item 
analysis, such as correlational methods, may be used in 
evaluating the individual statements instead of the 
t test described above. It is doubtful, however, 
whether any of the methods of item analysis in current 
use would result in an ordering of the statements that 
is essentially different from the order we obtain in 
terms of t values. Indeed, often a simpler procedure 
than the t test will prove to be sufficient. Murphy 
and Likert found, for example, that the rank ordering 
of 15 statements upon the basis of the magnitude of the
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difference between the means of a high and a low group 
agreed very well with the ordering of the same state­
ments in terms of the magnitude of the correlation 
between the item response and the total score. As a 
simple and convenient procedure, therefore, we might 
use the difference between the means of the high and 
low groups on the individual statements as a basis for 
selecting the 20 to 25 items desired for the scale'.
As a result of this statement, it was decided 
to examine the magnitude of the difference between the 
total scores on each item of the high and low groups as- 
a preliminary step in selecting discriminatory items. 
Firstly, the frequency df each response or score (5-1) 
for each item was obtained for both the high and low 
groups of each sample (Appendix I 5). Then the total 
score for the high and low groups in each sample on 
each item was calculated by multiplying each score by 
the frequency and adding the sub-scores (see below)
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TABLE 19. EXAIi'IPLE OF CALCULATION OF THE MAGNITUDE 





High Group Low Group
Score (X) Frequency(f) fx Frequency(f) fx
5 0 0 0 0
4 6 24 4 16
3 2 6 3 9
2 8 16 9 18
1 2 2 2 2
Totals 18 = 48 18 (f%]̂  = 45
Difference between total scores = IfXg - f̂Xĵ  = 4 8 - 4 5
= 5.
The differences between the total scores of high and low 
groups in all samples are given in Appendix I 6. Together 
Appendices I 5 to I 6 provide a complete summary of 
differences between total scores for each item : this
extract is chosen to illustrate the variety of results 
obtained.
TABLE 20. EXAMPLES OF VARIETY OF RESULTS FROM 













fXg = 48 116 40 57
1 fxj^ = 45 102 31 48



















47 126 44 61
2 42 107 36 45
R 5 R 19 8 16 48
66 164 50 65
3 63 149 44 53
3 15 6 10 34
45 139 56 67
4 41 123 36 53
R 4 16 20 14 54
48 130 33 39
5 62 144 40 37
-14 -14 -7 R 2 -33
61 149 46 54
13 65 146 41 50
-5 3 5 4 7
53 139 54 54
40 50 133 38 45
3 6 16 9 34
N.B. R = REVERSAL, an item where more subjects score 
1 or 2 than score 4 or 5; where the subject 
group disagree with the favourab1e/unfavourab1e 
judgment of the investigator.
Item 1 illustrates the kind of item where reversal 
had taken place in three or more of the samples in spite 
of consistent positive differences in total scores : this
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should be compared with the kind of item shown by item 
2 where reversal has occurred in the two school 
samples but not in the postgraduate ones; and with 
item 4 where reversal has taken place in one of the 
samples but this is accompanied by large positive 
differences in the other samples.
Item 3 shows an item with consistent positive 
differences but variation within each sample; this 
should be compared with item 40 with consistent 
positive differences but larger differences in the 
postgraduate samples than in the school samples.
And item 5 shows the kind of item where reversal 
is not only shown by the frequency of scores but by 
the low-scoring group gaining a higher total score than 
the high-scoring group !
Looking at the total scores in this way, the 94 
items could be classified as follows;
TABLE 21. CLASSIFICATION OF ITEMS BY DIFFERENCES 
IN TOTAL SCORES.
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Kind of item. No. of items Implication
A. Reversal indicated 
in 5 or 4 samples by 





items; exclude after 
looking at magfnitude 
of differences.
B. Reversal indicated 
by FREQUENCY in 
school samples but 
not in postgraduate 
ones; or vice versa, 
e.g. item 2
3
May be discriminatory 
for school sample but 
not postgraduates; or 
vice versa.
C. Reversal indicated 
by TOTAL SCORES as 
well as frequency, 
e.g. item 5.
13
May be discriminatory 
depending on magnitude 
of difference; scoring 
would be reversed.
D. Reversal indicated 
by total score OR 
frequency in only one 
of four samples, 
e.g. items 4 and 13*
24
May be discriminatory 
for school samples but 
not postgraduates; or 
vice versa. Examine 
magnitude of 
differences.








May be discriminatory 
for school samples 
but not postgraduates 
or vice versa.
F. No reversal :
positive differences 
between high and low 
groups.
37





* this left one item (No.60) which showed large 
differences but reversal in one school sample and 
one postgraduate sample.
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There were now 44 items (categories E and P) 
showing no reversal and positive differences, but some 
of these differences were small and may not be dis­
criminatory. In addition, there were:
i many other items (categories C and D) with 
large positive differences which may be 
discriminatory;
ii other items (C, D and E) which appeared to 
indicate differences in response between 
sizth-formers and postgraduates.
Moreover, it was desirable to include the 
maximum number of statements in the final attitude 
scale in order to collect as much information as 
possible about the attitude to science.
Consequently it was decided to consider the total 
sample as consisting of two sub-samples (sixth-formers 
and postgraduates); to examine the magnitude of the 
difference between the means of the high-scoring and 
low-scoring groups; and to perform t tests to obtain an 
ordering of the items, using t values to indicate the 
magnitude of the discrimination.
3.35 t-testing.
The differences between the means of the high and 
low scoring groups are listed in Appendix I 7, together 
with the t-values obtained.
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Both the formula (A below) for t and the method 
of calculation were taken from Edwards (1957, p.153 
and 154):
nrr n-,H
n (n - 1)  (A)
where Zg = the mean score on a given statement for 
the high group 
= the mean score on the same statement for 
the low group 
2
and where fz^g - = ^(Zg - Zg)^ i.e. the
sum of the squares (88) of the deviations 
from the mean.
- iil/ = - Xj,)2
"L
This formula may be used where Ug = n̂  ̂= n, instead 
of the more familiar form of the formula:
t
(B)
2where 8 = the variance of the distribution of
responses of the high group to the statement
28 ^ = the variance of the responses of the low 
group.
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Hg = the numher of subjects in the high group.
n^ = the number of subjects in the low group.
As t-testing is a time consuming process (even 
with a calculating machine), some way of reducing the 
number of calculations (2 sub-samples x 94 items =
188 calculations) was required.
The t value is the ratio between the difference 
between the means and the standard error of the 
difference between the means : it seemed reasonable 
therefore to calculate the value of t for those state­
ments which had a large difference between the means in 
order to find a * cut-off point for differences between 
the means; in other words, to find a value for 
differences between the means above which the value is 
considered discriminatory and below which the value is 
non-discriminatory.
Values for t for several statements which had 
large differences between the means for the postgraduate 
sample were calculated: the first surprise was that many 
of the t values were high.
TABIE 22. EXAMPLE OP CALCULATION OP t value.
6 8
Item 45 LOW GROUP HIGH GROUP
RESPONSE
CATEGORIES z f fZ 2r r Z f fZ fZ^
Strongly
agree. 5 3 15 75 5 21 105 525
Agree. 4 13 52 208 4 7 28 112
Uncertain 3 8 24 72 3 1 3 9
Disagree 2 5 10 20 2 1 2 4
Strongly 
disagree. 1 1 1 1 1 0 0 0
Totals 30 102 376 30 138 650
^1 (^L ^H




P 2Sum of squares = 376 - (102) Sum of squares=650- (138)
50 30
=  29.2 =  15.2
29.2 + 15.2 
30(30 - 1)
= 5.
This kind of result was surprising because Edwards 
(1957, p.153) states: 'As a crude and approximate rule 
of thumb, we may regard any t value equal to or greater 
than 1.75 as indicating that the average response of the 
high and low groups to a statement differs significantly, 
provided we have 25 or more subjects in the high group
and also in the low group'.
Several calculation of t for the postgraduates 
gave the following results:
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Thus the calculations were giving t values greater 
than the 1.75 suggested by Edwards. The value given for 
t is significant at the 10 per cent level for 14 Degrees 
of freedom (Garrett, 1958, Table D, p.449; Lewis, 1968, 
Statistical Table 1, Distribution of t,p.3l) or, using 
a table showing the area under the normal probability 
curve, the value is significant at the 9 per cent level 
(Garrett, 1958, Table A, p.446)
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Presumably Edwards either gave this value as a 
conservative estimate of a significant difference at
the 10 per cent level for a two-tailed test or as a
conservative estimate of a significant difference at
the 5 per cent level for a one-tailed test of t; no
other explanation can be offered.
Although t values, rather than significance 
levels, are the basis for selecting items, it seemed 
reasonable to choose a higher value for t than the one 
suggested by Edwards. But first, similar calculations 
of t for the school sample were performed.










Once again the calculations were giving t values 
greater than 1.75. The t values obtained from the 
sixth-formers samples were larger than those from the 
postgraduates for approximately equal values of the 
difference between the means : for example, item
71
Table 24, has a difference between the means of 0.59
and a t value of 3.53, compared with item 3, Table
23, which has a difference between the means of 0.56
and a t value of 2.07. Inspection of the other
calculations suggested that the t values for items 
with differences between the means greater than 0.6 
for the postgraduates, and greater than 0.5 for the 
sixth-formers, should be calculated.
3.36. RESULTS OP t TESTING.
A complete summary of the calculations is given 
in Appendix I 7 : as a calculating machine was used, 
the complete calculation (as set out in Section 3.35, 
page ) is not shown; only the intermediate steps are 
given. However, the basis for the calculations was the 
data comparing the total scores for high and low groups 
(Appendix I 5) and the intermediate steps can be 
derived from this data using Pormula A, Section 3.35.
When calculations were complete, a t-value for 
selecting items had to be chosen: as the school sample 
was larger than the postgraduate one, and smaller 
differences between the means were producing similar 
t values, a different value for t was chosen for each 
sample. Per the postgraduates a t value of 2.76 
(significant at the 1 per cent level for 28 Degrees of 
freedom) was used : for the sixth formers a value of 
2.66 (significant at the 1 per cent level for 60 Degrees
of freedom) was used; and the following number of items 
had t values which exceeded these values.
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Postgraduates ONLY 9 2,4,6,39,40,57,70,86 
and 84.
Sixth-formers ONLY 22 7,8,9,12,15,18,19,21,23,35,49,53,59,62,64,69,72,
75,76,78,81,82.
43
Inspection of these items showed that many items 
included under Type C (Section 3.1, p.32) had been 
eliminated : for example, ’There is no such thing as 
unprejudiced observation : every act of observation we 
make is biased* and ’Science proceeds by building up 
general statements or laws from the evidence of obser­
vations’ : consequently it was decided to inspect the 
rejected items to see if there were any less discrimina­
ting items which should be included because of their 
content.
The following items were finally chosen for the 
reasons given :
TABLE 26. LIST OP ITEMS CHOSEN FOR CONTENT.
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Item 
No. Reason for inclusion.
1 Reversals in frequency but not in total score 
t value of 2.1; include for content.
10 Positive differences; include for content.
14 Large positive differences (except for school 
A); t value of 3.75 for postgraduates; include 
in postgraduate group.
30 Positive differences (except for school B); 
t value of 2.54 for postgraduates; include 
for content.
32 Reversals in frequency but not in total soore; 
t value of 2.44 for school B; include in 
sixth form group.
37 Positive differences; include for content.
41 t value of 2.74 for school B; include in 
sixth-form group.
42 Positive differences; include for content.
43 Positive differences; include for content.
63 Small positive differences; t value of 2.97-------  for school B; include in sixth-form
group.
65 Positive differences; include for content.
83 Positive differences (except for school A); 
include in sixth-form group for content.
87 Positive differences (except for school A); 
include in sixth-form group for content.
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3.4 The final attitude scale.
t-testing had enabled the selection of 43 items; 
13 other items had been selected for the reasons shown 
in Table 26. The only remaining task was the arrange­
ment of the items in the final scale.
3.41 Possible sub-scales.
With four types of items (section 3.1, p.32), it 
might have been possible to form sub-scales based on 
each type of item : however, this approach was not 
adopted for two reasons - this method of item analysis 
gives no basis for such an approach (only factor 
analysis would provide the kind of correlational 
information which is needed), and many items appeared 
to differentiate between postgraduates but not sixth- 
formers, and vice versa.
Thus it was decided to arrange the scale in four 
parts (although this would not be apparent to future 
respondents):
Pa%t A = items which appear to differentiate
between both postgraduates and sixth- 
formers.
Part B = items which appear to differentiate 
between postgraduates only.
Part C = items which appear to differentiate 
between sixth-formers only.
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Part D = items which were included for the 
reasons given in Table 26.
The following sections provide a complete summary 
of the final attitude scale:
3.42. Postgraduate and sixth-form items (Part A) 











1 24 He who has once in his 
life experienced this 
joy of scientific 




2 25 Scientists deal with facts not human beings
UF 4.336.05
3 27 Mankind doesn't stand a chance to last very 
long since science 
keeps figuring out new 




4 38 In science the proof 








6 45 Science is boring. UF 5.22
6.91
7 46 Personal judgment has 
no place in science.
UF 3.81
4.44
8 54 Scientific investi­





9 55 The study of science leads to a sense of wonder.
P 5.455.78
10 60 I would much rather listen 





11 67 Scientists are a nuisance UP 4.00
6.45








^ postgraduate value given first.
It can be seen that there are 5 favourable items 
and 8 unfavourable items in Part A of the scale : the
usual aim is to have an equal number of favourable and 
unfavourable items in a summated scale.
3.43• Postgraduate items (Part B)
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TABLE 28. PART OP ATTITUDE SCALE.
New Origi­
nal
Statement P/UP Tv rvalue
14 2 The amount of science of which an individual scientist is 
IGNORANT is only slightly less 
than that of which the non­
scientist is ignorant.
P 2.58





6 We found that the theory did 
not fit the facts; and we 
were delighted; because this 
is how science advances.
P 2.62
17 40 We have no right to assume that no physical laws exist, 
or if they have existed up to 
now, that they will continue 
to exist in a similar manner 
in the future.
P 3-11
18 57 Men who have excessive faith in their theories or ideas are 
not only ill-prepared for 
making discoveries; they also 
make poor observations.
P 4-40
19 70 Scientists have proved that God does not exist.
UP 3.00
20 86 Women scientists are less 
femine than other women.A
UP 3.90
21 39 Man invents a scientific 
system and then discovers 
whether or not it accords 
with observed fact.
P 2.71
22 84 I studied science in order to pass my exams rather than 
because I liked it.
UP 2.90
Part B of the scale contains 5 favourable and 4 un­
favourable items.
3.44. Sixth-form items (Part C)
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23 7 We know that the experience of scientific discoveries is 
a good and beautiful 
experience.
P 4.39
24 8 The formulation of a hypo­thesis is - let us say a 
guess; is inspirational in 
nature.
P 3.50
25 9 In physics we try to say things that no one knew 
before in a way that every­
one can understand.
P 3.30
26 12 It is not possible to study 
human beings scientifically.
UP 2.75
27 18 I thank God I was not made 
a dextrous manipulator; the 
most important of my 
discoveries have been 
suggested to me by my 
failures.
P 3.60
28 19 The important advances in science are made by a few 
outstanding men.
UP 3.50
29 15 The basic moral rule of a 
scientific society is simple; 
mutual respect, intellectual 
honesty, and good will.
P 3.00
30 21 Science proceeds by the rapid 
alternation of imaginative 
and critical processes.
P 5.50
31 23 The cold dispassionate scientist is a 'mythical* 
creature.
P 3.00
32 35 Scientists are not like other people.
UP 2.84
33 49 With accurate experiment and observation to work upon, 
imagination becomes the 
architect of physical theory.
P 4.50
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34 53 Personal opinion has no place in science.
UP 3.30
35 62 The study of science is far less important than any other 
subject.
UP 4.30
36 64 Science is just learning equations.
UP 5.20
37 69 Work is boring. UP 3.80
38 72 Most scientific research 
consists of minute concern 
with trivia.
UP 7.10
39 75 Scientists are squares. UP 7.10
40 76 Only scientists can under­
stand other scientists. UP 4.25
41 78 Most scientific books and articles are incompre­
hensible .
UP 4.20
42 81 One cannot be a scientist 
and believe in religion at 
the same time.
UP 3.10
43 82 I prefer talking to people than fiddling with things 
in a laboratory.
UP 3.80
44 59 For a scientist memory is more important than 
intelligence.
UP 2.64
45 32 Pacts are the bricks of scientific advance.
UP 2.94





47 63 I am put off science by the danger of explosions.
UP 2.97
48 83 A scientist must communicate his ideas to non-scientists P 3.40
49 87 Psychology is not a science UP 4.00
Part C contains 10 favourable and 17 unfavourable items.
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3.45 Additional items (Part D) 







50 10 There is no such thing as 
unprejudiced observations: 
every act of observation 
we make is biased.
P -
51 1 Science is the imaginative interpretation of the 
universe.
P 2.10
52 30 Humans are the centre of 
science.
P 2.54
53 37 The criterion of a scien­tific theory is it's 
fTuitfulness in practice.
P
54 43 The really valuable factor in science is intuition.
P -
55 42 What is observed depends on who is looking.
P -
56 65 Scientists have to be more dedicated to their work 
than other people.
UP
* see Table 26 for more details of this item.
Part D contains 6 favourable and 1 unfavourable item.
3.46 Possible sub-scores and total score
The attitude scale now contains 26 favourable 
statements and 30 unfavourable statements. Scoring the 
favourable items 4 - 0  and the unfavourable 0 - 4  
provides a possible range of scores from 0 - 224.
The four parts of the scale contribute to the 
total score in the following way:
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C 27 0 -108
D 7 0-2 8
Totals 56 0-224
3.5 Use of the attitude scale.
The attitude scale could now be used to investigate 
the attitudes of the original samples (Chapter 4) and the 
attitudes of new samples (Part II).
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CHAPTER 4. Analysis of the original and confirmatory 
data.
'Statistics cannot do the scientist's basic
job - looking and wondering and looking again!
(Hay4s,1969,P*300)
The procedure recounted in the previous chapter 
was necessary to eliminate items from the original 
questionnaire which failed to discriminate between high- 
scoring and low-scoring criterion groups. Items left 
in the attitude scale contribute to a total score which 
should indicate by its magnitude the favourableness of 
an individual's attitude towards science: a high score, 
indicating a more favourable score than a low one. The 
scores of the original samples on the modified scale had 
now to be determined and analysed.
4.1 The sixth-form sample.
There were 249 respondents in the sixth-form 
sample: of these 16 were not taking A level courses and 
were eliminated from the sample as there was no way of 
classifying their sixth-form studies (Section 3.21, p. 
42). The remaining 233 subjects were re-scored and re­
coded.
4.11 Re-scoring and re-coding.
The main stages were:
i eliminating the non-discriminatory items;
ii re-scoring each item from 4-0; and
iii calculating total scores and sub-scores for
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each part of the scale (Section 3.46, p.80).
The items were re-scored from 4 - 0  (instead of 
5 - 0) in order to have a range of possible scores from 
0 - 224 (Table 31, p.81) thus making it easier to judge 
the position of the mean scores in relation to the 
extremes. Another reason for adopting the change was 
in order to use likert's original method of weighting; 
although many investigators use scores from 5 - 0 ,
Likert (1932) used the simple integral weights 0 - 4  
because they had a high correlation (O # 99) with the 
more complicated normal deviate system of weights.
In order to transfer this data to punched cards, 
a new coding scheme was produced from which redundant 
information was removed and replaced by information 
about the sub-scores and their combinations. The sub­
scores and total score were checked independently be­
fore the data was placed on punched cards. After 
punching; the cards were scored in order to examine 
the frequency distributions of scores and to calculate 
the means and variances for each group.
4.12 Analysis of Variance.
As outlined in Section 3.23, p.53, there were 
twelve groups of subjects for comparison: the scores,
mean score and sums of squares (55) for each group are 
shown in Appendix I 8. for each of the separate sub­
scores as well as the total scores. The mean scores for 
each group on each part of the attitude scale are shown
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below:
TABLE 32. MEAN SCORES PGR SIXTH-PORM ON PART A OP SCALE.
School A Mean n School B Mean n
Science 37.1 17 Science 36.3 37
BOYS Mixed 33.3 12 Mixed 32,2 27
Arts 31.7 6 Arts 28.6 23
Science 36.0 4 Science 40.1 8
GIRLS Mixed 35.0 5 Mixed 35.4 17
Arts 35.3 18 Arts 32.4 59
62 171
N = 235.
TABLE 33. MEAN SCORES POR SIXTH-PORM ON PART B OP SCALE
School A Mean n School B Mean n
Science 20.7 17 Science 21.7 37
BOYS Mixed 19.5 12 Mixed 20.5 27
Arts 19.5 6 Arts 20.1 23
Science 24.0 4 Science 23.1 8
GIRIS Mixed 24.6 5 Mixed 22.4 17
Arts 20.8 18 Arts 20.9 59
62 171
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TABLE 34. MEAN SCORES POR SIXTH-PORM ON PART 0 OP SCALE
School A Mean n School B Mean n
BOYS
Science 74.9 17 Science 74.5 37
Mixed 69.2 12 Mixed 68.4 27
Arts 65.3 6 Arts 64.4 23
GIRIS
Science 76.0 4 Science 73.6 8
Mixed 70.4 5 Mixed 71.3 17
Arts 70.7 18 Arts 68.9 59
62 171
TABLE 35. MEAN SCORES POR SIXTH-PORM ON PART D OP SCALE
School A Mean n School B Mean n
Science 13.9 17 Science 14.9 37
BOYS Mixed 16.8 12 Mixed 16.1 27
Arts 16.7 6 Arts 15.7 23
Science 17.3 4 Science 14.4 8
GIRIS Mixed 15.6 5 Mixed 15.1 17
Arts 16.9 18 Arts 16.7 59
62 171
•ABIE 36 . MEAN SCORES POR SIXTH-PORM ON TOTAL SCORES.
School A Mean n School B Mean n
Science 146.7 17 Science 147.3 37
BOYS Mixed 138.8 12 Mixed 132.1 27
Arts 133.2 6 Arts 128.8 23
Science 153.3 4 Science 151.3 8
GIRIS Mixed 145.8 5 Mixed 144.1 17
Arts 143.7 18 Arts 138.9 59
62 171
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Inspection of these mean scores suggested there was 
variation of mean scores hut that three null hypotheses 
were possible:
1. There was no significant difference in scores 
between schools (or, the column means are 
chance variations from one population mean);
2. There was no significant difference in scores 
between boys and girls (or, the block means 
are chance variations from one population 
mean);
3. There were no significant differences in 
scores between the three kinds of students 
(or, the vow means are chance variations from 
one population mean).
As suggested earlier. Section 2.23,(p.53) a three- 
factor Analysis of Variance seemed an appropriate method 
to use in ordei|to test these three Null hypotheses.
In practice, it was difficult to find a model which 
applied to the data available. McNemar (1962) describes 
seven models involving a three-way classification but 
none are appropriate because the number of entries per 
cell need to be equal in order to complete the calcula­
tions. It was clear from this and other tests (e.g. 
Lindquist, 1953; Lewis, 1968) that a Pixed Constants 
Model, where no random sampling so far as the bases of 
classification are concerned, could be used, but an equal 
number of entries per cell was required. Lewis (1968) 
refers to Snedecor (1956) for methods of dealing with un-
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equal cell numbers. A fuller account of these methods 
is included in Snedecor and Cochran (1967): this 
suggested that an unweighted analysis of means could be 
used in 'the situation in many non-experimental studies 
in which the investigator classifies his sample accord­
ing to the factors or variables of interest, exercising 
no control over the way in which the numbers fall'
(p.473). They suggest this method can be used to examine 
the interactions of the main effects and, if the inter­
actions are negligible, an additive model can be assumed 
to be a satisfactory one. They are cautious, however, 
in judging the adequacy of this method as a final analysis. 
Edwards (1968) describes the same method (Analysis of 
Variance using treatment means as single observations), 
commenting: 'this does not require that we have an equal 
number of observations for each treatment and consequently 
this method of analysis might be used for those cases 
where we have a factorial experiment with unequal n's for 
the various treatments' (p.266). The main disadvantages 
of this method are interlinked: the variance of each mean 
is assumed to be the same and consequently the P ratio's 
are approximate ones.
it
Thus, with unequal cell numberswas judged to be 
the model to use: Least Squares Analysis (Snedecor and 
Cochran, 1968, p.488) would have &iven a better estimate 
of the P ratio but it involves lengthy calculations for 
which computer assistance is advised.
Before using the method of unweighted means it was
8 8
necessary to decide the level of significance which 
would be used in order to reject the Null hypotheses.
In order to avoid rejecting the Null hypotheses when it 
is true (usually called a Type I error), a 1 per cent 
level of significance was chosen: in other words the 
calculated P ratios must reach a value which will only 
be achieved by chance in 1 per cent of cases. This 
decision increases the chance of retaining the Null 
hypothesis when it is false (Type II error) but, in 
view of the approximate nature of the method of analysis 
of variance, it was considered more important to avoid 
a Type I error than a Type II error.
4.121. Results of Analysis of Variance.
The analysis of variance was performed on the means 
of the treatment scores with the results shown below: a 
summary of the method is shown in Appendix I 9; an 
estimate of experimental error is obtained from the 
product of the Y/ithin Treatment Mean Square (MS^) and a 
constant (C), the harmonic of the mean, which estimates 
the variance of the single means. A complete worksheet 
for each calculation is shown in Appendix 1,10, using 
the data of Appendix 1,8.
The three sources of variation shown in the summary 
tables are:
P = between schools
Q = between sexes
R = between types of course.
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In the following tables, the P ratio is not shown 
when the mean square (MS) value is less than the Within 
treatments mean square (or error estimate). The * 
indicates an F value significant at the 1 per cent 
level.













P 0.96 1 0.96
Q 18.75 1 18.75 6.09*










Total SS = 99.07 N = 232
TABLE 38. ANALYSIS OF VARIANCE FOR PART B OF SCALE.
Source SS dF MS F ratio
P 0.02 1 0.02
Q 15.81 1 15.81 11.51*
R 8.75 2 4.58 3.19




Total SS = 31.64
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TABLE 39. ANALYSIS OF VARIANCE FOR PART C OF SCALE.
Source SS df MS F ratio
P 2.37 1 2.37
Q 16.76 1 16.76 2.47
R 114.63 2 57.31 8.45*
Residual 15.10 7 2.16 ✓
Error
Estimate 221 6.78
Total SS = 148.86
TABLE 40. ANALYSIS OF VARIANCE FOR PART D OF SCALE.
Source SS df MS F ratio
P 1.62 1 1.62 1.40
Q 0.25 1 0.25
R 3.77 2 1.88 ' 1.63




Total SS = 12.82
TABLE 41. ANALYSIS OF VARIANCE FOR TOTAL SCORES.
Source SS df MS F ratio
P 30.08 1 30.08
Q 210.00 1 210.00 7.26*
R 393.44 2 191.97 6.64*




Total SS = 655.64
These results allow rejection of the Null 
hypotheses as shown in the following table.
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TABLE 42. SIGNIFICANT DIFFERENCES SHOWN BY ANALYSIS OF 
VARIANCE.
SIGNIFICANT DIFFERENCES BETWEEN
PART OF SCALE SCHOOLS SEXES TYPE OF COURSE
Part A No Yes Yes
Part B No Yes No
Part C No Yes Yes
Part D No No No
Thus the following mean scores (indicated by a * in 
thetable above) need further consideration : standard 
errors for the means are also given, using the formula 
of Shedecor and Cochran (1967, p.477) for assigning 
correct standard errors to mean scores when interaction 
is shown to be negligible.
Sem h * k  - - i (G)
where g = number of cells/treatments and
n^, ng, etc. = number of observations in each of
the cells/treatments.
TABLE 43. MEAN SCORES AND STANDARD ERRORS ON PART A OF 













TABLE 44. MEAN SCORES AND STANDARD ERRORS ON PART B 








TABLE 45. MEAN SCORES AND STANDARD ERRORS ON PART C 








Details of these calculations are given in Appendix 1,11.
The F ratios are sufficient for indicating signifi­
cant differences where only two means are being considered 
(e.g. between the sexes) but they only indicate overall 
significant differences where more than two means are 
concerned (e.g. between the courses): they do not indicate 
which differences are significant. For example, the 
results for Part A of the scale (Table 43 (b)) suggest 
the difference between the science mean score and the Arts 
mean score is significantly different, but is the differ­
ence between the science mean score and the mixed mean 
score ? A method for establishing which differences are 
significant is required.
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4.13 Comparison of means.
One method which has been widely used to establish 
significant differences between means is t-testing 
(lewis, 1968, p.49). Where there are a large number of 
means for comparison, the method is not recommended : 
Lewis (1968, p.50) says *When the number of groups is 
large, testing the significance of particular differences 
by the t test in the way described is open to criticism, 
even when the significance of the overall differences 
(at the same level) has first been established’; and 
Hays (1969,p.471) states that multiple t-tests are ’not 
a very satisfactory way to package the data for maximum 
clarity of results’ because ’comparisons tested by the 
t-tests cannot be regarded as independent, and the 
various tests themselves refer to redundant, overlapping, 
aspects of the data.’
Although only three means were to be compared it 
was decided to find other methods of comparing means aa 
the postgraduate sample (Section 4.3, p.(19) would 
involve a larger number of comparisons.
Shedecor and Cochran (1967) refer to four basic 
methods:
a) using the Least Significant Difference (LSD) 
as a criterion;
b) using a criterion, Q, based on tables of 
the Studentized Range;
c) using a sequential variant of the Q method; 
and d) using short-cut computations based on ranges.
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Unfortunately, these methods (as described) did not 
involve examples.with unequal numbers of observations 
in the cells.
Edwards (1968) outlines two other methods:
Duncan’s New Multiple Range Test; and Scheffe’s Test 
for multiple comparisons; once again neither seemed 
applicable to problems involving unequal observations. 
Duncan’s method, however, is based on the concept of 
protection levels which provides a method of estimating 
the likelihood of making Type I and Type II errors. In 
addition, Edwards (1968, p.155) says ’in testing the 
differences between more than two means, the test of 
significance should be more powerful, that is, more 
likely to detect real differences, than when testing the 
differences between two means. With the multiple range 
test, the increased power is obtained by risking a 
lowered protection level as the number of means increases'
In Duncan (1955) there is a complete description of 
the New Multiple Range Test, together with critiques of 
the other methods named above: he claims (p.2) ’The New 
Multiple range test combines the simplicity and speed of 
application of a test proposed by Newman and Keuls with 
most of the power advantages of the multiple comparisons 
test previously proposed by the author’ and (p.34)
’while the Least Significant Difference test is more 
conservative than the New Multiple Range test or the 
multiple comparisons test for the case of three means, 
it is less conservative in cases with more than three
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means*. He also suggests a two-way classification of 
procedures in order to help an investigator choose an 
appropriate one ; a modified version of this classifi­
cation is shown below.
TABLE 46. CHOICE OF PROCEDURES FOR COIvEPARISOH OF MEANS.
PROCEDURES INVOLVING: Methods available for use according to procedure 
chosen.









i Least Significant 
Difference.






i Sequential use of Q
ii Multiple comparison 
test.
iii New multiple range test






level as a 
criterion.
i Using criterion Q
ii Sequential use of Q
iii Scheffe’s test.
b) protection 
level based on 
degrees of 
freedom appro­
priate to size 
of groups.
± Multiple comparison 
test.
ii New Multiple range 
test.
Duncan then claims that procedures involving a 
constant significant difference provide a simple procedure 
but one with a single significant value which has to be 
so high that the power functions (the ability to detect 
real differences) are severely reduced. Whereas proce­
dures involving protection levels based on degrees of 
freedom gain in power to detect real differences.
Thus, at this stage in the writer's reading, the
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New Multiple Range test appeared to have many advantages, 
particularly as Kramer (1956) described an extension of 
Duncan’s test to unequal numbers of observations and 
Duncan (1957) argues the applicability of these tests to 
both correlated and uncorrelated means. But a footnote 
in McNemar (1962,p.286) cast doubt upon the test: ’The
frequently advocated Duncan new multiple range test is 
currently under suspicion by mathematical statisticians’.
In order to resolve this problem, a more recent 
paper by Duncan (1965) was consulted: he appears to 
express a tolerant approach to multiple t-testing; makes 
a careful comparison of the various methods for Multiple 
Comparisons by applying them to the same set of data; 
and proposes a new method ( Bayes LSD).
In his comparison of past and present methods he 
applies five methods to the same data and shows the dis­
cordance in results, commenting: ’All in all, the dis­
crepancies between the rules are considerable. These are 
not peculiar to this particular example. They are due to 
basic differences in approach and can increase to 
extremes with increase in the number of treatments. From 
the practical point of view the disagreements are all the 
more remarkable because each procedure is fairly commonly 
recommended in text books and/or is in common use in 
practice'(Duncan, 1965, p.180).
In the data used by Duncan, there were seventeen 
treatment means to be compared with one another, making
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136 comparisons in all. The following table (modified 
from Duncan) shows the number of differences found NOT 
SIGNIFICANT by the five Multiple Comparison methods, at 
the 5 per cent level.
TABLE 47. COMPARISON OF FIVE MULTIPLE COMPARISON METHODS










Duncan New Multiple 
Range.
38 4 53-55
Sequential use of 









cant Difference. 69 4 97-99
Duncan (1965, p.174) then proposes a new rule 
(Bayes LSD) which reflects his attempt to ’show the 
significant t, and therefore (significance level), 
should be varied in a specific well-defined way as a 
function of the observed F ratio’. Details of the new 
rule are less important than the conclusions he draws 
about the other procedures: ’At F values of 3.0 and
above the Bayes LSD is relatively small. Here the rule 
has the sensitive, less conservative, character of the 
Fisher LSD or Duncan Multiple Range Procedure* (p.171)
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’In other words, the presence of a large-to-moderate P 
ratio tells the investigator, in effect, that there is 
little to worry about in the way of high error rates.
The chance that any group of the treatment means are 
actually near to being equal is very remote. This opens 
the way for the use of a moderate LSD giving good power.
In fact, the use of such an LSD is demanded in keeping 
down the more likely type-2 error probabilities involved 
with the non-detection of actual differences’ (p.183).
Prom these conclusions it seemed that the new 
Multiple Range Test could be used in this study to 
detect real differences and avoid Type II errors, partic­
ularly as the F ratios obtained (Section 4.12,p.83) were 
greater than 3.0 Indirect support for this decision 
came,from a paper by Kuttz, Link, Tukey and Wallace(1965) 
in which they are describing short-cut Multiple comparisons 
using ranges and sums of ranges: in their recommendations 
(p.157) they draw attention to factors other than techni­
cal ones which effect the choice of statistical methods; 
namely, the nature of the readers of reports, and the 
nature of the results. And as the readers of this study 
are not expected to be pathological in their reaction to 
the statistical methods, and the results are not expected 
to be controversial, there are sufficient reasons for 
using the New Multiple Range Test for the comparison of 
the mean scores obtained. These reasons are:
j. the F ratios are greater than 3.0, suggesting a
method involving a moderate LSD or range is
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appropriate;
ii the new Multiple Range test uses moderate 
criteria in the form of decreasing significant 
differences ;
iii this increases the power to detect real differences
iv the method is applicable to problems involving 
unequal numbers of observations.
4.131 Results of Comparison of Means.
The New Multiple Range Test was used with the 
results shown below: details of the method are given in 
Appendix 1,12; worksheets for each calculation in 
Appendix 1,13. The results of a t-test are given for 
comparative purposes.


















and Arts 5.4 21.8 48.7* 2.58 6.68
Science 
and Mixed 3.4 20.9 27.1* 2.58 3.28
Mixed and 
Arts 2.0 20.9 17.6 2.58 2.36
* Significant at 1 per cent level.
1 0 0


















and Arts 7.4 32.4 67.6* 2.58 5.62
Science 
and Mixed. 4.9 31.1 39,8* 2.58 3.31
Mixed and 
Arts 2.5 31.1 21.9 2.58 1.83
These results confirm the presence of significant 
differences in scores (as suggested by the F ratios 
previously obtained) but also indicate which differences 
are significant.
The following summary of the conclusions concerning 
significant differences is based on both the F ratio’s 
Tables 36,37, 38 and 39, pages 85,89,90) and the compari­
son of means (Tables 47 and 48 above).
a) On Part A of the scale,girls obtain signifi­
cantly higher scores than boys, and science 
students obtain significantly higher scores 
than both mixed and arts students. The 
difference between mixed and arts students 
is not significant.
b) Part B of the scale - girls obtain signifi­
cantly higher scores than boys.
Other differences are not significant.
c) Part C of the scale - science students 
obtain significantly higher scores than 
both mixed and arts students.
Other differences are not significant.
d) Part D of the scale - no differences are 
significant.
1 0 1
4.14 Reliability of the measurements.
In producing a new test it is important to produce 
evidence of reliability, that is evidence that the test 
will produce similar results on different occasions. 
Garrett (1958) suggests four basic ways in which this is 
done ;
a) using a split-half technique (involving the 
Spearman-Brown prophecy formula);
b) using alternate forms of the same test on 
two separate occasions;
c) using a test-retest technique, where the 
same test is used on two occasions with the 
same subjects; and
d) using the method of (rational equivalence’ 
(involving the Kuder-Richardson formula).
All these methods involve the calculation of correlation 
coefficients of some kind: Wiseman (1966) provides an
excellent summary of correlation method from which it is 
clear that Product-Moment correlation is the most 
reliable of the coefficients in most circumstances, and 
should be used unless the distributions are not reason­
ably normal.
Thus this coefficient was used to obtain a measure 
of correlation by the split-half technique: this involves
either correlating the scores on the first half of the 
test with scores on the second half of the test or, more 
commonly, the scores on the odd-numbered items in the 
test with scores on the even-numbered items.
1 0 2
A reliability coefficient for each part of the 
scale could be calculated using the odd-numbered and 
even-numbered items in each part of the scale: 
similarly reliability coefficients for the whole scale 
or combinations of the parts of the scale could be 
calculated from the data in Appendix I 14.
The number of odd and even-numbered items in each 
part of the scale are shown below:
TABLE 50 NUEffiER OP ODD AND EVEN ITEMS IN SCALE.
Odd Even
Range of scores 
for odd items
Range of scores 
for even Items
Part A 7 ; 6 0-28 0,24
Part B 4 5 0,16 0,20
Part C 14 13 0-56 0,52
Part D 3 4 0-12 0,16
Whole scale 28 28 0,112 0,112
The formula for both product-moment correlation
(using a calculating machine) and the Spearman-Brown
*
correction are given in Appendix I 15. Sample worksheets 
are shown in Appendix I 16.
Reliability coefficients were calculated separately 
for School A and School B with the following results:
TABLE 51 RELIABILITY COEFFICIENTS FOR SCHOOLS A AND B.
A B C D V/hole Scale Number in group
School A 0.55 0.44 0.70 0.36 0.74 73
School B 0.77 0.41 0.70 0.23 0.75 176
These figures are lower than expected: Edwards (1957,
p.161), for example, quoted reliability measures ranging
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from 0.69 to 0.93 as typical values for summated forms 
of attitude scales.
The product-moment correlations on which the 
reliability coefficients are based (Appendix I 16) are 
significant at the 1 per cent level (Garrett, 1958,
Table 25, p.201) with two exceptions: neither correlating 
for part D is significant at the 5 per cent level; and 
the correlation for School A on part B of the scale is 
significant at the 5 per cent level but not the 1 per 
cent level.
As part D has a lower product-moment correlation 
and does not differentiate between either boys and girls 
or students following different courses, reliability co­
efficients were calculated by combining the scores on 
parts A, B and 0 ofr the scale. The resulting co­
efficients were:
TABLE 52. RELIABILITY COEFFICIENTS USING PARTS A, B 
AND C OF THE SCALE (SCHOOLS A AND B)
Reliability Number in
coefficient group
School A 0.78 73
School B 0.79 176
Comparing these figures with the previous Table suggests 
that the reliability coefficient is improved by the 
removal of part D of the scale. These results are 
discussed more fully in section 5.11.
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4.15 Validity of the scale.
Some of the problems of validity were discussed 
in Section 2.12, p.15: Garrett (1958, p^368), however,
suggests that validity measures should not be based on 
the original samples but should be established on 
different samples. Evidence of validity is therefore 
offered in Section 4.25 and Part II.
4.2 New sixth-form sample (School 0)
The non-random nature of the original school 
sample (sedtion 3.23, p.54) requires the investigator to 
be cautious when producing generalisations as these 
would not necessarily be applicable outside the sample.
One way of confirming the results and conclusions 
would be to find another group of sixth-formers willing 
to complete the attitude scale and to repeat the same 
method of analysis on the resulting scores. This also 
afforded the opportunity of reprinting the scale in a 
revised form which could be scored more rapidly than the 
previous one, by arranging for responses to favourable 
items in one column and responses to unfavourable items 
in another.
A local grammar school agreed to participate in the 
work: testing was carried out by the writer so that 
differences in administration were reduced as far as 
possible. A test intended to give a measure of validity 
(Section 4.25, p.Ill) was also given at this time.
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There were 84 respondents in School C studying the 
following subjects in the sixth-form:










arts only 23 50
The proportion of boys studying each kind of course 
is similar to Schools A and B (TABLE 8, p.45); the 
proportion of girls studying science subjects is greater 
than Schools A and B (TABLE 8, p.45), with a corresponding 
decrease in the proportion studying Arts subjects only.
4.21 Scoring and coding.
Scoring of items was carried out in the usual way; 
data was transferred to coding sheets and then punched 
cards; and the punched cards were verified. Sorting of 
the cards produced frequency distributions of scores for 
each group, from which the mean scores and sum of squares 
were calculated: these are shown in Appendix I, jf.ll.
4.22 Analysis of variance.
In this case, there were six groups of subjects f&r 
analysis and comparison. The mean scores for each group
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on each part of the attitude scale are given below: 
TABLE 54. Î.ÎEAN SCORES FOR SCHOOL C ON PART A OF SCALE.
BOYS n GIRLS n
Science 37.2 23 40.6 9
Mixed 32.1 14 35.3 9
Arts 29.4 11 32.3 18
48 36
N = 84
TABLE 55. MEAN SCORES FOR SCHOOL C ON PART B OF SCALE.
BOYS n GIRLS n
Science 25.1 23 25.1 9
Mixed 21.5 14 22.1 9
Arts 20. 0 11 20.1 18
48 36
N = 84
56. MEAN SCORES FOR SCHOOL C ON PART C
BOYS n GIRLS n
Science 77.2 23 77.1 9
Mixed. 69.9 14 77.3 9
Arts. 64.4 11 69.8 18
48 36
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TABLE 57. ]\ÏEAN SCORES FOR SCHOOL C ON PART D OF SCALE
BOYS n GIRLS n
Science 15.5 23 15.7 9
Mixed 16.4 14 18.3 9
Arts 16.8 11 16.7 18
48 36
Although, the sample size was smaller than the 
previous one, inspection of the mean scores suggest a 
similar pattern of results:
1. girls having higher scores than hoys within 
the groups;
2. science students having higher scores than 
mixed or arts students.
3. scores on Part D showing aberrations.
The following Null hypotheses were therefore tested by 
Analysis of variance:
1. there are no significant differences in mean 
scores between boys and girls within the groups;
2. there are no significant differences in mean 
scores between students following different 
courses.
4.221 Results of Analysis of Variance.
A two-factor analysis of variance was performed, 
again using the method of unweighted means: worksheets 
are shown in Appendix I 18, together with the summary 
tables which have been condensed below to show the F
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ratios.
The two sources of variation are:
Q = between sexes.
R = between the courses.












Q 7.82* - 6.29 -
R 17.25* 4.13 12.25* 2.14
Residual - - 1.77 -
F ratios are only calculated where the Mean squares 
exceed the error estimate.
* indicates an F value significant at the 1 per 
cent level.
The results shown for School C replicate the results 
of the previous analysis (Table No. )  with one excep­
tion: there is no significant difference between the sexes 
on part B of the scale.
Thus the mean scores for further comparison are:
JAJLE 59. MEAN SCORES ON PART A OF SCALE (SCHOOL C) FOR 













TABLE 60. MEAN SCORES ON PART C OP SCALE (SCHOOL C) 








Details of the calculations for standard error of the 
means are given in Appendix I 19.
4.23 Comparison of means.
The F ratio indicates a significant difference 
between the scores of the boys and the girls: the other
means were compared by using the New Multiple Range Test 
and a t-test.
Worksheets for these calculations are shown in 
Appendix I 20, using data from Appendix I 17. The 
summary tables follow:


















and Arts 8.1 19.18 44.68* 2.66 6.47
Science 
and Mixed 5.2 18.39 26.90* 2.68 3.89
Mixed and 
Arts 2.9 18.39 14.69 2.68 2.13
* significant at the 1 per cent level.
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and Arts 10.1 28.61 55.71* 2.66 5.41
Science 
and Mixed 3.6 27.44 18.62 2.68 1.81
Mixed and 
Arts 6.3 27.44 33.92* 2.68 3.19
These results replicate those of the previous sample 
(Section 4.131) with one exception: in School C there is
a significant difference between the scores of the mixed 
and arts group but not between the science and mixed 
groups; in other words, the attitude scores of the mixed 
group in School C are nearer those of the science group 
than the arts group.
4.24 Reliability of the measurements.
The split-half technique (section 4.14, p. 101) was 
used to obtain reliability measures as before: worksheets 
are shown in Appendix I 22, using the data shown in 
Appendix I 21.
TABLE 63. RELIABILITY COEFFICIENTS FOR SCHOOL C.
A B a D Whole Scale
Number in 
group
School C 0.67 0.41 0.76 0.31 0.87 85
The product-moment correlations for parts A and C are 
significant at the 1 per cent level; for part B it is 
significant at the 5 per cent level; and the correlation
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for part D is not significant at the 5 per cent level.
By combining the scores for parts A, B and C of 
the scale, a reliability coefficient for these items 
was obtained. The value of this coefficient was 0.88.
4.25 Validity of the scale.
One way of establishing the validity of an attitude 
scale is by comparing the test score with information 
obtained by interviewing or by self-rating (Section 2.12, 
p.16). This method is not only subjective but qualitative, 
and this qualitative data is often judged subjectively 
by investigators. For example, Meyer (1969, p.6) seems 
satisfied to say: ’On-spot checks of validity were made 
by asking all pupils to write essays on their attitudes 
and interests and by interviewing selected pupils. All 
teachers involved were interviewed in depth. These 
qualitative data gave assurance that the test results 
were highly valid’.
Discussions with colleagues at the School of 
Education suggested that subjective judgments were in­
evitably involved in questions concerning the validity 
of attitude scales and that simpler methods than either 
essays or interviews should be explored.
An attempt was therefore made to find another 
measure of a favourable attitude towards science which 
could be quantified and correlated with the attitude- 
scale scores: it was thought this might be based on some 
measure of stereotyping (next section).
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Another way of establishing validity is to compare 
the test score with observable behaviour (Section 2.12, 
p.16): this is rarely attempted but, in studies in­
volving children at school, an attempt is often made to 
relate attitude scores to school subjects. For example, 
Laughton and Wilkinson (1970) related attitude scores to 
’subjects which pupils most enjoyed, subjects which 
pupils considered they were best at, and subjects they 
would choose in the sixth-form’. The information 
collected in this study about ’0 ’ and ’A ’ level subjects 
was made the basis of another attempt to establish the 
validity of the scale (Sections 4.252 and 4.253).
4.251 Stereotyping measure.
Stereotyping is the term used for the ’pictures’in 
the mind’ which most people use when thinking about 
occupational groups, nationalities, politicians and many 
other categories of human activity. One method which has 
been widely used (Oppenheim, 1962) to study the stereo­
typing of nationalities is to provide the subject with a 
list of adjectives which he is asked to apply to each 
nation in turn: if he believes the adjective describes 
one of the characteristics of the nation, he marks this 
adjective in some way; adjectives which do not apply to 
the nation are ignored. Some of the adjectives are 
favourable (describing ’pleasant’ characteristics) and 
some unfavourable : an index of an individual’s stereo­
type of a nation is obtained by dividing the number of
favourable adjectives by the number of unfavourable 
adjectives.
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It was thought that a similar method could he used 
with the sixth-formers of School C to obtain a measure 
of their stereotype of scientists: a favourable ’picture’ 
of scientists should correlate with a high score on the 
attitude scale. Thus a series of adjectives and a group 
of occupations, including scientists, was drawn up 
(Appendix I 23) and given to the sixth form at the same 
time as the attitude scale. Responses to all the occupa­
tions were obtained but only the adjectives applied to 
scientists were analysed.
The adjectives in the stereotyping measure were 
chosen to reflect aspects of the qualities needed for 
scientific work (e.g. the adjectives patient, unimagin­
ative and logical) &s well as personality characteristics 
(e.g. the adjectives conceited, self-controlled, 
domineering). In addition there were four adjectives 
(well-paid, highly qualified, specialised and conservative) 
which were concerned with more general characteristics 
of the professions or occupations given in the list.
The number of favourable adjectives used by the 
sixth-form ranged from 0 - 1 4  and the number of unfavour­
able adjectives from 0 - 3 :  the majority of subjects did 
not use any unfavourable adjectives so it was not possible 
to use the ratio of favourable to unfavourable adjectives 
as originally intended. 10 of the 85 subjects had not 
used any of the adjectives and, as it was not possible 
to tell if this had been done deliberately or by accident, 
their responses were not included in the next stage. By
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subtracting the number of unfavourable adjectives from 
the number of favourable adjectives, a score of an 
individual's stereotype of scientists was obtained.
These scores had the following distribution:
TABLE 64. FREQUENCY DISTRIBUTION OF STEREOTYPING SCORES
No.of favourable 
adjectives - No. 
of unfavourable 
adjectives.
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Frequency of 
above score. 1 6 2 2 8 6 11 5 14 7 7 4 1 1
These scores could now be correlated with scores on the 
attitude scale to obtain a measure of validity.
4,252 Correlation of stereotyping scores and attitude-
scale scores.
Scores on the attitude scale (parts A, B and C 
combined) ranged from 97 - 163. A product-moment corre­
lation was calculated and the resulting r value was 0.195
When corrected for grouping (Appendix I 24),using 
the correction factors given in Table I of Wiseman (1966 
p.12) the r value was 0.198.
To test the significance of this coefficient, t 
was calculated from the following formula (Wiseman, 1966 
p.7):
 ̂" ""Vrriz .......(L)
= 1.726 df 75
10^ t = 1.671 55̂ t = 2.042
The correlation is therefore significant at the 10 per
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cent level.
4.253 Correlation of 'O’ level subjects and attitude
scores.
If a pupil has a favourable attitude towards 
science, it would be reasonable to assume that this 
pupil would continue to study science (or more science) 
than a pupil with a less favourable attitude. Laughton 
and Wilkinson (1970) used this technique and claimed 
that pupils wishing to 'drop' science were those who 
had low attitude scores. This is a crude technique, 
however, for establishing validity and one which this 
section attempts to improve.
If the number of science subjects passed at 'O' 
level indicates a degree of interest in science, it 
might bereasonable to expect a correlation with 
attitude scores: pupils passing more science subjects 
would be expected to have higher attitude scores. It 
could be argued, however, that the number of science 
subjects may indicate ability at these subjects rather 
than interest in them; but again it would seem reason­
able to expect that the more science one studied the 
more favourable one's attitude might be. In order to 
test these ideas it was decided to correlate the number 
of science subjects obtained at 'O' level with the 
scores on the attitude scale.
The number of science subjects ranged from 0 - 4  
and were distributed as follows:
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TABLE 65. NUMBER OF SCIENCE SUBJECTS OBTAINED AT 'O' 
LEVEL.
Number of 
subjects 0 1 2 3 4
Frequency 20 ' 24 26 14 1
A product-moment correlation (using Formula J) gave 
an r value of 0.42 (Appendix I 25), which corrected for 
grouping gave a value of 0.45.
When one variable is coacr:5Dè;ly graded, a product- 
moment correlation does not give the best estimate of 
the actual size of the correlation (Wiseman, 1966, p.9): 
for this reason, correlation by r / (from chi-square) 
was also calculated by dividing the attitude scores into 
two categories - those above the mean and those below the 
mean (Appendix I 26). This gave a 2 x 4 table of 
obtained frequencies from which the table of expected 
frequencies and chi-square could be calculated (Appendix 
I 26). The formula for r / (Formula M, Appendix I 26) 
was taken from Wiseman (1966, p.17). The method is also 
described in Nesbitt (1966, p.11).
The resulting value of r / was 0.563. The 
accompanying chi-square value is 20.65 which is signifi­
cant at the 1 per cent level for 3 df.
4.254 Correlation of 'A' level subjects and attitude 
scores.
The main question of the validity of the attitude
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scale is: does the attitude scale measure a favourable
attitude towards science ? If a favourable attitude 
score results in action then one might expect that 
sixth-formers with high attitude scores would be study# 
ing more science subjects than those with low attitude 
scores. The analysis of variance (Section 4.22, p.105) 
suggests this is so: a validity coefficient was
calculated in order to express the relationship suggested 
by the ahalysis of variance more precisely.
There were three groups of students (science,mixed 
and arts) and a 3 x 3 table could be obtained by dividing 
the attitude scores into three groups as follows:
TABLE 66. GROUPING OP SIXTH-PORÎ.I (SCHOOL C) ON 
ATTITUDE SCORES.
In terms of 
STANDARD DEVIATION
In terms of 
SCORES.




MIDDLE scorers 1 S.D. on either 
side of mean.
Prom 113 - 
145.




N.B. Mean score = 129. 1
The obtained and theoretical frequencies for this 
3 x 3  table are shown in Appendix I 27: the table of 
expected frequencies, however, contains frequencies which 
are less than 5 and Nesbitt (1966, p.8) says 'The 
expected frequency in a cell or interval should be at 
least 5 and preferably 10. If it is lower than 5 the
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cell should be combined with an adjacent one’.
Some v/’ay of reducing the data to a 2 x 2 table was 
explored; splitting the types of courses seemed im­
possible until it was realised that no students were 
studying an equal number of arts and science subjects.
In other words, members of the mixed courses either had 
a bias to the science side or to the arts side. The 
attitude scores were then divided into scores above the 
mean and scores belov/ the mean.
A 2 X 2 table was constructed on this basis with 
the obtained frequencies shown in Appendix I 28; the 
calculations in this Appendix show an r / value of 0.48. 
The accompanying chi-square value is 0.17 which is 
significant at the 1 per cent level for 1 df.
These results suggest that the attitude scores give 
a valid indication of a person’s attitude towards 
science. Students having three *0* level science 
subjects have higher attitude scores than students with 
no *0* level science subjects. Similarly students 
studying science-biased courses in the sixth-form have 
higher attitude scores than arts-biaséd students.
The correlation between attitude scores and stereo­
typing scores was low, however; this may be due to 
faults in construction of the stereotyping measure or 
to differences in individual’s attitudes to scientists 
as compared v;ith their attitude to science (Section 5, 
p-11-7)
1 1 9
These validity coefficients are discussed more fully 
in section 5.122.
4.3 Postgraduate sample (1967 and 1968)
There were 124 respondents in this sample : 57 in 
1967 and 67 in 1968; two of the scientists in 1967 did 
not give details of their degree subjects and could not 
be included in Table 12 which shows the types of science 
degree obtained. Their scores were included in the 
reliability calculations (Section 4.34, p.1%3)
4.31 Rescoring and re-coding.
The same procedure was followed for the postgraduate 
sample as for the sixth-form (Section 4.11, p.82): the
new sub-scores and total score were transferred to 
punched cards ready for sorting.
In this case the difficulty was which data to 
consider: originally the intention (Section 3.23, p.53) 
had been to compare the scores of scientists, social 
scientists and arts graduates in a similar way to the 
analysis of the sixth-form sample. The wide divergence 
in degree subjects shown by both the social scientists 
and the arts graduates, and the small numbers of 
graduates in some categories, suggested another proce­
dure should be adopted.
Inspection of the frequency distributions, mean 
scores and standard deviations for the 1967 and 1968 
groups showed close agreement:
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TABLE 67. COMPARISON OP 1967 and 1968 SCORES.
1967 1968
PART OP 
SCALE A B C D A B C D
Range of 
scores 16-43 9^31 49-85 12*24 19-47 14-30 52*86 11-25
Mean
scores 34.45 22.65 69.56 17.77 33.93 25.42 57.85 17.69
Standard
deviations 5.57 4.27 6.82 2.99 5.65 3.77 6.66 2.76
This suggested that scores for the two groups could 
he combined, particularly as the main interest was to 
compare the attitude scores of graduates from different 
disciplines, particularly different scientists. In 
order to make this comparison, a minimum number of 
subjects in each group was required: the problem was to
balance the number of groups for comparison with a 
reasonable number of subjects in each group; an arbitrary 
decision had to be made. A minimum number of 10 gave 
the following groups for comparison:
TABLE 68. GROUPS POR C O M P A R I S O N 1967 and 1968 
COMBINED.
Group No. of subjects Group No. of subjects
Biologists 20 Geography 18
Chemists 17 Prench & English 10
Physicists 16 Sociology & 10
Maths. 12 Psychology
All these groups contained men and women but in un­
equal proportions: as the sixth-formers showed consistent
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differences between the attitude scores of boys and 
girls, the mean scores of the men and women in the above 
groups were examined to see if a similar pattern was 
discernible.
TABLE 69. MEAN SCORES AND STANDARD DEVIATIONS OP MEN 










Arts 35.0 - 1 31.7 7.60 9
Geography 29.6 8.75 5 34.2 7.01 13
Socialogy 34.7 4.71 3 30.9 5.08 7
Biology 33.0 6.46 6 37.8 4.60 14
Chemistry 35.8 4.28 11 39.0 4.20 6
Maths. 33.0 4.51 6 35.8 2.91 6
Physics 34.9 5.61 13 30.5 5.76 3
45 58
N = 105
TABLE 70. MEAN SCORES AND STANDARD DEVIATIONS OP MEN 










Arts 22.0 - 1 20.9 3.25 9
Geography 25.8 2.04 5 22.1 3.73 13
Sociology 22.0 2.94 3 20.4 5.10 7
Biology 25.5 4.59 6 26.0 4.31 14
Chemistry 25.4 2.27 11 24.3 3.35 6
Maths. 22.5 3.78 6 26.5 5.68 6
Physics 25.0 3.64 13 25.3 1.89 3
45 58
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TABLE 71. MEAN SCORES AND STANDARD DEVIATION OE MEN AND










Arts 67.0 - 1 66.2 6.39 9
Geography 64.2 9.02 5 67.4 4.57 13
Sociology 68.0 2.83 3 62.7 6.71 7
Biology 70.8 5.08 6 72.8 6.41 14
Chemistry 68.8 5.36 11 71.3 9.05 6
Maths. 69.7 7.48 6 66.5 7.21 6
Physics 69.3 6.58 13 67.7 1.25 3
45 58
TABLE 72. MEAN SCORES AND STANDARD DEVIATION OE MEN AND 










Arts 19.0 - 1 18.1 4.1 9
Geography 19.2 3.82 5 18.9 2.41 13
Sociology 19.7 1.25 3 17.1 2.90 7
Biology 17.8 3.13 6 18.4 3.50 14
Chemistry 17.5 1.83 11 19.2 1.86 6
Maths. 17.2 2.12 6 16.5 1.38 6
Physics 16.0 2.80 13 18.3 0.94 3
45 58
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Examination of these scores suggests no. pattern 
similar to that revealed in the sixth-form sample : there 
is no indication that women have consistently higher 
scores than men, or vice versa.
4.32 Analysis of Variance.
In order to establish the presence of significant 
differences between the means of the groups, a one-way 
analysis of variance was carried out. This method v/as 
used because it enabled the use of actual variances, 
rather than estimated ones (i.e. method of unweighted 
means. Section 4.12, p.83), and it is possible to use 
groups containing an unequal number of observations.
A summary of the method and worksheets is given 
in Appendix I 29: the E ratios are summarised below.
t indicates an E value significant at the 5 per cent 
level.
TABLE 73. SmillARY OE E RATIOS EOR ONE-VfAY ANALYSIS 













groups. 1.50 2.38f 2.23t 1.35
The E values for Part B and Part C of the scale are 
significant at the 5 per cent level.
4.33 Reliability of the measurements.
The split-half technique was used to obtain ’odd’
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and ’even’ scores for the different parts of the scale 
(Section 4.14, p.101). A Madas machine was used to 
calculate the product-moment correlations to which the 
Spearman-Brown formula was applied: the calculations
are summarised in Appendix I 50.
The following reliability coefficients were 
obtained:
TABLE 74. RELIABILITY COEEPICIENTS POR POSTGRADUATES 
(1967 and 1968)
A B 0 D Wholescale
Number in 
group
1967 0.49 0.44 0.48 0.45 0.77 57
1968 0.72 0.48 0.58 0.56 0.77 67
Using Garrett, 1958, Table 25, p.201, the product- 
moment correlations for the 1967 postgraduates are signi­
ficant at the 5 per cent level but not the 1 per cent 
level. The product-moment correlations for the 1968 
postgraduates are significant at the 1 per cent level, 
except for the correlation for part D which is not signi­
ficant at the 5 per cent level.
Per comparison with the school samples, reliability 
coefficients based oil parts A, B and C of the scale were 
calculated: the value for the 1967 group was 0.74; and 
for the 1968 group, 0.79.
4.4 New postgraduate sample (1969)
The original postgraduate sample was not a random 
one. The grouping was done arbitrarily according to the
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number of subjects from each discipline. The analysis 
of variance does not allow generalisation outside the 
sample.
For these reasons it was. decided to test the 1969 
postgraduates in order to see if the results from the 
previous sample would be replicated. It was also 
arranged to test this group on two separate occasions 
so that a reliability measure could be obtained from a 
test-retest calculation.
At the beginning of the academic year (September 
1969), the final selection of items had not been com­
pleted. In order to test the 1969 group at the first 
lecture of the term, a temporary questionnaire was 
given to them: unfortunately, it did not contain all the 
items in the final scale. Thus the scores obtained by 
the 1969 group are not directly comparable with the 
scores of the previous sample. The final scale was 
complete by the time of the second testing which was in 
early June 1970: the scores on the final scale at the 
second testing had to be adjusted by ignoring scores on 
the items which had been missing on the first occasion.
TABLE 81. BIPPERENCES BETWEEN SCALE USED WITH 1969 





A 13 items 15 items, the same
B 7 items 9 items;Nos.21 & 22 
extra
C 21 items 27 items; Nos.39, 
45 - 49 extra
D 5 items 7 items; Nos.54 & 
55 extra
Total 46 items 56 items
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Prom the 89 respondents it was hoped to select 
similar groups of graduates to the previous sample (Table 
68). There were only three sociologists in this sample 
so this group was excluded: the following groups were 
extracted.
TABLE 75. GROUPS POR COIVIPARISON - 1969 POSTGRADUATES.
Group No. of 
subjects
Group No. of 
subjects
Biologists 22 Maths 15
Chemists 10 Geography 6
Physicists 8 Prench and English 7
It should be noted that three groups under the 
minimum of 10 have been included in order to have 
comparable categories of respondents. Again these groups 
contain men and women in unequal proportions so a compari­
son of mean scores and standard deviations was prepared 
(Appendix I 31 for basic data).
TABLE 76. M E M  SCORES AND STANDARD DEVIATIONS (1969)
POR MEN AND WOMEN ON PART A.
MEN WOMEN
X Standarddeviation n X
Standard
Deviation n
Arts 36.0 2.00 2 32.0 3.63 5
Geography 55.0 2.00 2 40.0 4.06 4
Biology 57.1 5.06 15 39.4 3.33 7
Maths. 57.5 4.44 8 36.8 2.04 5
Chemistry 54.9 5.06 7 38.3 0.94 3




TABLE 77. MEAN SCORES AND STANDARD DEVIATIONS (1969) 
POR MEN AND WOMEN ON PART B.
MEN WOMEN
X Standarddeviation n X
Standard
deviation n
Arts 20.0 4.00 2 19.8 0.98 5
Geography 21.0 2.00 2 20.8 1.30 4
Biology 18.3 3.34 15 20.7 1.72 7
Chemistry 17.6 2.82 7 15.3 2.36 3
Maths. 20.1 3.55 8 22.4 1.02 5
Physics. 17.3 4.78 6 19.0 1.00 2
40 26
N = 66
TABLE 78. MEAN SCORES AND STANDARD DEVIATIONS (1969) 
POR MEN AND WOMEN ON PART C.
MEN WOMEN
X Standarddeviation n X
Standard
deviation n
Arts 51.5 5.50 2 49.0 4.60 5
Geography 57.0 1.00 2 53.0 1.87 4
Biology 53.3 6.48 15 59.3 4.40 7
Chemistry 54.3 10.81 7 54.3 6.13 3
Maths. 53.6 6.54 8 52.4 6.09 5




TABEE 79. MEAN SCORES ABB STANBAEB DEVIATIONS (1969) 
POR MEN AND WOMEN ON PART B.
MEN WOMEN
X Standarddeviation n X
Standard
deviation n
Arts 15.5 1.50 2 11.8 1.94 5
Geography 12.5 (2.5) 2 16.5 1.12 4
Biology 13.4 2.63 15 12.7 2.49 7
Chemistry 12.1 1.55 7 11.5 2.36 3
Maths. 12.1 2.47 8 11.6 1.96 5
Physics 15.5 2.06 6 13.0 2.00 2
40 26
N = 66
No indication of a consistent pattern emerges; 
neither does a difference between the scores of men and 
women.
4.41 Analysis of Variance.
A one-way analysis of variance was performed as 
before (Section 4.52, p.123). Calculations are shown in 
Appendix I 32: a summary of the P ratios follows:
TABLE 80. SUî,a([ARY OP P-RATIOS POR 1969 POSTGRADUATES.
P RATIOS
Source of 
variation A B 0 D
Between
groups 1.75 2.03 1.29 1.85
The P values in this table are not significant: 
the purpose of the 1969 sample was to confirm the results
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obtained from the original sample; this had not been 
done by these results. Either the groups in the original 
sample had more divergent attitudes than the 1969 groups 
or the differences were peculiar to that sample: in
either case, more detailed comparison on the mean scores 
was not made.
4.42 Reliability.
With the 1969 postgraduates it was intended to 
calculate a reliability coefficient using a test-retest 
technique. Only 46 of the 89 respondents completed the 
second testing. The scores (modified for missing items, 
Section 4.5, p.131) on both occasions are given in 
Appendix I 33.
Product-moment correlation by Madas machine 
(calculations in Appendix I 35) was performed: no
correction is applicable in this method (Garrett, 1958, 
p.338).






One of the difficulties involved in the test-retest 
technique is the interval of time to allow between the 
two occasions: too short an interval may allow respon­
dents to remember how they marked the statements on the 
previous occasion; too long an interval tends to lower 
the value of the correlation coefficient (Garrett, 1958, 
p.338). In this case the interval was nine months: a
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long interval but an intentional one; in the postgraduate 
education course considerable emphasis is placed on the 
understanding of ’scientific method’ and its applicA^ 
bility to the social sciences and teaching, and it was 
intended (Section 1.3, p.7) to obtain a measure of the 
change in attitude scores.
4.421 Test of correlated means.
The mean scores obtained by the 46 respondents 
on two separate occasions are shown below, together with 
the standard errors of the mean and the standard devia­
tions (calculations in Appendix I 36).
TABLE 82. MEAN SCORES, STANDARD ERRORS AND STANDARD 





of Mean (SE )' m 1.89 2.23
Standard 





The mean score on the second occasion is higher 
than the first mean score: does this difference indicate 
a significant change in attitude scores ?
To test the significance of the difference between 
correlated means, the formulae given by Garrett (1958,
1 3 1
p.226) were used.
difference between meanst = standard error of the difference 
between correlated means.
= 2.5 = 2.02 df 44.
1.24
= 2.02 Ifo-t = 2.41
The difference is significant at the 5% level
The formula for SÊ j is given in Appendix I 36, together 
with the preliminary calculations.
4.5 Further analysis of sixth-form sample (Schools A 
and B)
The results of the Analysis of Variance (section 
4.121,p.88) and the comparison of means (Section 4.131, 
p.99) indicate that the scale is differentiating between 
groups of sixth-formers. However, one major criticism 
of. summated scales is lack of reproducibility: that is,
the total score of an individual may be the same as
another individual, but obtained by choosing different 
alternatives on the variety of items in the scale 
(Section 2.31,p.29). Moreover it is implied that the 
particular items in the scale which account for the 
differences in group means, cannot be identified. As 
stated earlier (Section 1.3,p.7), however, it was one of 
the intentions of this study to attempt to describe the 
attitudes of the different groups in terms of the items 
in the scale. A comparison of the frequency of responses 
by different groups was therefore made.
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4.51 Sorting of items for frequency responses.
The items contributing to the scores on Part A 
of the scale require sorting in two different ways; to 
find the responses to each item which produce a 
significantly different score for boys and for girls; 
and to find the responses which produce a similar dis­
tinction between science students on the one hand and 
arts students on the other. Mixed students had inter­
mediate scores (Section 4.13, p.99) significantly 
different to the science students but not the arts 
students: by excluding the mixed students from the 
sorting it was hoped the distinction between the res­
ponses of the science and arts students would be clearer.
Items contributing to the scores on Part B were 
sorted into two categories: boys and girls (Section 4.131 
p. 99).
Items contributing to Part C were sorted into 
two categories only: science students and arts students 
(Section 4.131,p.99)'
Items in Part D of the scale were not sorted 
(Section 4.131, p.99).
The frequency of the responses to each item are 
shown in Appendix I 37. It was now necessary to compare 
the frequency of responses of the different categories 
of students.
4.52 Chi-square test.
The two problems in this study were:
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i do boys and girls differ significantly in 
their choice of response to items ?
ii do science and arts students differ 
significantly in their choice of response 
to items ?
Consequently, chi-square testing seemed to be the 
most suitable way of comparing the frequency of responses: 
however, it was soon apparent that^. there were difficul­
ties of both application and interpretation of this 
statistic.
For example. Tables 83 (a), (b) and (c) show the 
results of a chi-square test on item 23 of the scale.




















agree 4 10 8.36 12 13.64
Agree 3 37 29.66 41 48.34
Un­
certain 2 14 14.06 23 22.94
Disagree 1 3 8.36 19 13.64
Strongly
disagree 0 1 4.56 11 7.44
* the method for obtaining these frequencies, 
together with chi-square formula, is given 
in Appendix I 38.
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TABLE 83 (b) DIFFERENCES BETWEEN OBSERVED AND
THEORETICAL FREQUENCIES FOR ITEM 23.
SCIENCE ARTS
^0 - fe ^0 -
1.64 - 1.64
V.34 - 7.34
- 0.06 + 0.06
- 8.93 + 8.92
TABLE 83 (c) CHI-SQUARE VALUE FOR ITEM 23.
Totals
SCIENCE ARTS
Totals(̂ *0 - ^e)^ fe






8.30 5.09 13.39 =
Using tables of the distribution of chi-square, P 
(i.e. probability) .01 so this result is significant 
beyond the 1 per cent level.
Thus there is a significant difference between the 
frequency of responses to item 23 by the science and the 
arts sixth-formers: but what does this mean in terms of 
the item and the responses made by the students ?
Firstly, it should be noted that'the theoretical
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frequency for science students scoring 0 in Table 83(a)
»is less than five and consequently the 0 and 1 categories 
have been combined in Table 83 (b) (Nesbitt, 1966, p.8).
Secondly, the largest contribution to the chi- 
square value is made by these combined categories, while 
category 2 contributes nothing to the chi-square value.
Thus it seems that the larger discrepancies 
between observed and expected frequencies are found in 
the ^Agree’ and the combined ’Disagree and Strongly dis­
agree’ categories; and the smaller discrepancies are 
found in the 'strongly agree’ and ’Uncertain’ categories. 
In other words, the chi-square value does not indicate 
an overall difference in frequencies between the science 
and the arts students; this is shov/n more clearly in the 
following table.
TABLE 84. OBSERVED FREQUENCIES AS PROPORTIONS OF 







° 1 6 28
Totals 99 99 *
* calculations to nearest whole number.
The science students have a more favourable reaction
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to this item hut in a complex way; a small proportion 
disagree with the item hut a similar proportion are un­
certain about it.
Similar difficulties of application and inter­
pretation were found with other items; cells had theo­
retical frequencies which were too small; and some cells 
contributed little to the chi-square value.
In attempting to find a uniform method for 
comparison of the responses to items, chi-square was 
used again but the categories were reduced to three; 
the results for item 23 are shown below.
TABLE 85 (a) OBSERVED, THEORETICAL FREQUENCIES AND 
DIFFERENCES FOR ITEM 23 (REDUCED 
CATEGORIES)
SCIENCE ARTS
Categories fo fe f 0“^e fo fe fo— fe
Strongly 47 38.02 +8.98 53 61.98 -8.98




4 12.92 -8.92 30 21.08 +8.92











8.38 5.07 13.35 =>y 2
.01 > P > .001
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This method gives a similar result (as expected) 
and suggests that the 'uncertain’category might be 
ignored (giving a 2 x 2 table); examination of other 
items, however, showed this would not be acceptable in 
all cases and would give misleading results. For 
example, item 2 had the following frequencies and chi- 
square value.
TABLE 86. FREQUENCIES AND CHI-SQUARE VALUE FOR ITEM 2.
Categories
FREQUENCIES CHI-SQUARE
SCIENCE ARTS SCIENCE ARTS
Agree 25 60 1.65 1.01 2.66
Uncertain 14 3 8.79 5.39 14.18
Disagree 26 43 0.00 0.00 0.00
Totals 10.44 6.40 16.84 = X  
df 2 
P <.001
A significant value but one mainly obtained from 
the the high discrepancy in the ’uncertain’ category;
21 per cent of the science students being uncertain about 
this item, compared with 3 per cent of the arts students.
Even using a reduced number of categories did not 
solve the problem of cells with small theoretical 
frequencies.






The ’uncertain' category yields theoretical 
frequencies smaller than five and should he combined with 
other categories (Nesbitt, 1966, p.8); in this case, how­
ever, such a combination of categories cannot be performed; 
the ’uncertain’ category is clearly distinct from the 
other categories.
The difficulties outlined above suggested that chi- 
square testing was an inappropriate method of analysis, 
unless the values obtained were merely to be taken at 
their ’face’ value and the difficulties of interpretation 
were ignored. For these reasons, an alternative method 
was considered necessary.
If the science students were responding differently 
to the arts students, and the boys differently to the 
girls, then the mean scores for each group on each item 
should differ. It was therefore decided to examine the 
differences in mean scores between the groups.
4.53 Differences between the mean scores.
With Part A of the scale, two selB of comparisons 
are needed: between science and arts students, and 
between boys and girls (Section 4.51,p.132). The mean 
scores on each of the items for these groups are shown 
in full in Appendix I 39* The magnitude of the 












No. of items No. of Items
More than 1.00 2 0
Between 0.50 
and 1.00 1 1
Less than 0.50 10 12
With. Part B of the scale only the comparison 
between boys and girls was made (Section 4.31, p.132): 
a snmmary is given below for the nine items; full 
details in Appendix I 39.







More than 1.00 0
Between 0.50 
and 1.00 0
Less than 0.50 9
With Part 0 of the scale only the comparison 
between science and arts students was made. The summary 
for the 27 items is given as follows: details in
Appendix I 39.
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m a m  scores No. of items
More than 1.00 0
Between 0.50 an 
1.00 9
Less than 0.50 18
These tables show that the majority of the differ­
ences in mean scores were less than 0.50; however, the 
range of scores is limited from 0 - 5 on each item so 
relatively small differences could indicate true or real 
differences between the groups being compared. But what 
can be inferred from these sample differences ?
As Hays (1969, p.314) says: ’(The) best estimate 
is that the population means are different to the same 
extent as the sample means. Regardless of the signifi­
cance level given by any test he may apply, the actual 
difference obtained is always the best estimate he can 
make of the true difference between the population means. 
As always, this estimate is in error to some unknown 
extent, and although the obtained difference between the 
sample means is the best guess the experimenter can make, 
there is absolutely no guarantee that this estimate is 
exactly correct. ViThat is needed is a way of applying 
statistical inference to differences between means of 
samples representing two populations.’
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For larger samples, a t (or critical) ratio is 
calculated, using formula Q , Appendix I 44.
The t value obtained is compared to the value of 
Z in a table showing the area under a normal curve in 
order to find the significance of the value.
McNemar (1962, p.75) and Hays (1969,Oh.10) imply 
that large samples are those containing 30 or more 
scores and that formula Q may be used in these cases.
The numbers in the'groups in this sample are: 65 science 
students; 106 arts students; 83 boys; and 88 girls.
But many of the distributions of scores on the 
items are skewed: will t ratios be meaningful under
these circumstances ? Hayes (1969, p.316) states: 'In 
short, when we are dealing with two very large samples, 
then the question of the form of the original distribu­
tions becomes irrelevant, and we can approximate the 
difference between means by a normal distribution.’
For these reasons it was decided to calculate t 
ratios for the differences between means as a guide to 
identifying differences between the groups.
4.54 Critical (t) ratios for the differences between
means.
In the Analysis of Variance (Section 4.12,p.83) a 
significance value of 1 per cent was chosen for the F 
values: a similar level was chosen for the t ratios.
t ratios for the items in Part A of the scale were 
calculated with the following results (full details in
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Appendix I 40). To be significant at the 1 per cent 
level, t ratios must exceed 2.58.

















None of the nine items in Part B exceeded a t
of 2.58: three of the items (17,19 and 22) had t ratios
greater than 1.96 (significant at the 5 per cent level).
The t tatios for Part C are summarised below: 
details given in Appendix I 40.













Item 28 had a t ratio greater than 1.96 (signifi­
cant at 5 per cent level).
These results (and their interpretation) will be 
discussed more fully in Chapter 5, after a similar 
analysis of School C has been reported.
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4.6 Further analysis of School 0.
The results of the Analysis of Variance on School
0 (Section 4.221, p.109) and the comparison of means 
(Section 4.23, p.109) suggested that the responses to 
items forming Parts A and 0 of the scale should be 
analysed further. Once again the mixed students (
(having intermediate scores) were excluded in order to 
make clearer the distinction between science and arts 
students. In view of the difficulties associated with 
chi-square testing (Section 4.52, p.132) it was
decided to sort the items for frequency of responses 
and examine the differences between means (Appendix
1 41).
4.61 Differences between the mean scores.
On Part A of the scale, there were two items with 
differences between the mean scores of science and arts 
students greater than 1.00; five items with differences 
between 0.50 and 1.00; and six items with differences 
less than 0.50 (compare fable 88, p.139).
On Part A of the scale, there were two items with 
differences between the mean scores of boys and girls 
greater than 0.50 but less than 1.00; and eleven items 
with differences less than 0.50 (compare Table 88,p.139)
On Part C of the scale, there was one item with a 
difference between the mean scores of science and arts 
students greater than 1.00; seven items with differences 
between 0.50 and 1.00; and nineteen items with differences
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less than 0.50 (compare Table 90, p.140).
Once again, the problem was how to decide which 
differences were significant. The numbers in the groups 
are smaller than previously; 32 science students; 29 arts 
students; 34 boys and 27 girls. For small samples, the 
t-distribution rather than the normal distribution-is 
used for deciding the significance of the t value. The 
t value is obtained from formula R, Appendix I 44.
The scores on many of the items are again skewed. 
Boneau (i960) appears to have made the only empirical 
study of violating the assumptions of the t test; 
summaries of his conclusions can be found in McNemar 
(1962) and Lewis (I968). Hayes (1969,p.322) concludes 
his discussion of the problem; 'By and large, however, 
this assumption (of a normal distribution in the popula­
tions) may be violated almost with impunity provided 
that sample size is not extremely small’.
Consequently t values for the differences between 
means were calculated for School C.
4.62 t testing the differences between means.
t values for the items in Part A of the scale were 
calculated (details in Appendix I 42): for a sample
size of 59, the t values must exceed 2.66 to be signifi­
cant at the 1 per cent level.
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TABLE 93. t VALUES FOR PART A, SCHOOL C.
Items exceeding 














It will be noticed that the same items (with the 
addition of item 2) have t values which are significant 
at the 1 per cent level (compare Table 91) for differ­
ence between the science and arts students; but 
different items have significant differences for the 
boys and girls in the sample.
t values for Part C of the scale are shown below: 
details in Appendix I 42.




t value of 2.66 Nos.23,32,39, 40,41,43.
Items less than 
t value required
Remainder of 
items Nos. 23 
- 49.
This table shows less items with t values signi­
ficant at the 1 per cent level (compare Table 92) but 
five of the six items correspond to the items selected 
previously.
This attempt to identify the particular items 
which account for the differences in group means has
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shown:
i the difficulties of application and inter­
pretation associated with chi-square 
testing;
ii the majority of items have small differences 
(less than 0.50) between the means of the 
group being compared;
iii there are 17 items which have differences in 
mean scores significant at the 1 per cent 
level; and
iv 9 of these items are common to both the 
original sample and School C.
These results are discussed more fully in 
Section 5.3.
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CHAPTER 5. Interpretation and discussion of the 
results.
Interest in the attitudes of sixth-formers towards 
science developed from working with Arts students 
between 1957 and 1966: their attitudes towards science 
and scientists appeared to be an important contributory 
factor to their lack of interest and curiosity about 
science (Section 1.2, p.4). Attention has been 
focussed on the importance of attitudes by the Dainton 
report (Section 1.1, p.2), but it appears that only one 
study (Ashton and Meredith, 1969) has attempted to 
describe the attitudes of sixth-formers towards science; 
no-one appears to have attempted to produce an attitude 
scale towards science suitable for use with sixth- 
formers .
No systematic study of the attitudes of under­
graduates and graduates towards science appears to have 
been made in this country and only isolated studies have 
been made in the U.S.A. (e.g. Snow and Cohen, 1968; 
Mitias, 1970). These studies stress the importance of 
attitudes, however, as direct and fundamental motives 
for human conduct and emphasise the need to establish 
the nature of these attitudes in order to produce 
changes in teaching procedures which will modify these 
attitudes.
One of the basic aims of the present research 
(Section 1.5, p.7) was to produce a reliable and valid 
attitude scale suitable for use with sixth-formers and
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graduate scientists. The following section; attempts 
to indicate the extent to which this has been achieved.
5.1 The attitude scale.
The 'value* of the attitude scale may be judged in 
three ways:
i . by the reliability of the results obtained;
ii by the validity of the results obtained;
iii by the extent to which it differentiates 
between both six^formers following different 
kinds of courses and graduates of differing 
disciplines.
Each of these will be discussed in turn.
5.11 The reliability of the attitude scale.
Reliability coefficients were calculated in two 
different ways; by the split-half technique and by the 
test-retest technique (sections 4.14, p.101; 4.24, p. 
110; 4.35, p.123; and 4.42, p.129). The reliability 
coefficients which were obtained are summarised below: 
















School A 0.55 0.44 0.70 0.36 0.74 0.78 75
School B 0.77 0.41 0.70 0.23 0.75 0.79 176
School C 0.67 0.41 0.76 0.31 0.87 0.88 85
PG 1967 0.49 0.44 0.48 0.45 0.77 0.74 57
PG 1969 Using test-retest technique 0.83 46
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The averages of the reliability coefficients for 
the three schools and the two postgraduate groups were 
obtained by converting the product-moment correlations 
to Z's, averaging the Z's and reconverting to r. The 
calculations are shown in Appendix I 45 and the 
resulting reliability coefficients were:
















Schools 0.71 0.42 0.72 0.28 0.78 0.81 554
Post­
graduates3 0.63 L,.. 0.46 0.54 0.40 0.77 0.77 124
As stated earlier (section 4.14, p.101), Edwards 
(1957, p.161) quotes reliability measures ranging from 
0.69 to 0.95 as typical values for summated scales.
The higher values are usually obtained from scales 
containing. 25 (or less) items and where correlation 
techniques have been used for item analysis (section
2.22,p.25): with this technique one would expect higher 
reliability coefficients from use of the split-lialC 
technique as this is basically a measure of the 
interval consistency of the test items (Garrett, 1958, 
p.558). Oppenheim (1966, p.140) comments: 'Reliability 
of Likert (summated) scales tends to be good and is 
often higher than that of corresponding Thurstone 
(differential) scales; a reliability coefficient of 
0.85 is often achieved'.
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Compared with the figures quoted in the preceding 
paragraph, the values obtained in this study are low for 
parts B and D of the scale for the schools, and for 
parts B, C and D of the scale for the postgraduate group 
One factor which may have been responsible for the low 
values is the small number of items in parts B (9 items) 
and I) (7 items) of the scale: Garrett (1958, p.258)
points out that increasing the number of items tends to 
increase the reliability coefficient.
The reliability of attitude scales can be over­
emphasised, however; in several scales the writer has 
examined, reliability has been achieved by having 
homogeneous items to such an extent that there appears 
to be little (if any) difference between the items. The 
danger of this was pointed out by Vernon (1958) who 
suggested that items which were too homogeneous allowed 
the respondent to make consistent responses rather than 
ones which were his true opinions; thus validity is 
sacrificed to reliability.
With the present attitude scale, higher reliability 
coefficients are obtained when part D of the scale is 
ignored: a reliability coefficient of 0.81 is obtained 
for the schools and one of 0.77 for the postgraduates. 
Thus items 1 - 4 9  (Parts A, B and 0) form a scale which 
has satisfactory reliability coefficients for both 
sixth-formers and postgraduates.
5.12 The validity of the attitude scale.
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The problems of validity were discussed in Section 
2.12, p.15 - 19, and it was suggested that four types of 
validity might be considered: content validity, predic­
tive validity, concurrent validity and construct 
validity.
School C was chosen to see if the results from the 
original school sample would be replicated and there was 
not time in this study to follow-up the respondents to 
investigate the relationship between attitude scores and 
subjects studied at university (or other establishments 
of further education). Thus no estimate of predictive 
validity was obtained, although this will be discussed 
briefly in relation to the results of establishing con­
current validity.
There appear to be no theoretical studies of 
attitudes towards science which explain either how these 
attitudes are related to other attitudes or what position 
they occupy in a hierarchy of attitudes. In this study, 
some aspects of construct validity are involved in the 
interpretation of the score obtained by the difference 
groups of sixth-formers, but it is not possible to judge 
the construct validity of the scale in a satisfactory 
way because there are no suitable criteria available.
5.121 Content validity.
The content validity of the scale must be judged 
in two ways: by considering whether the method used was 
suitable for the subject under investigation; and by
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considering the extent to which the method was used 
successfully by the investigator.
Evidence concerning the suitability of the method 
has been presented in Chapter 2, particularly section
2.3, p.28. When the research was started, the
summated scale was chosen because it is possible to 
produce a reliable and valid measure which allows the 
relative comparison of attitudes and which gives more 
information about an individual's attitude than either 
differential or cumulative scales. At the present 
stage (the interpretation of results), the problem of 
reproducibility is more apparent but the writer still 
believes the summated scale was correctly ehoean.
Evidence concerning the use of the method was 
given in Chapter 3 which describes the production of 
the scale. The main stages in its production were:
i collection of items from a variety of sources, 
all items referring to scientists, science and 
scientific method (section 3.1, p.35);
ii selection of items by the use of informal 
criteria for the selection of attitude state­
ments (section 3.1, p.35);
iii labelling items either favourable or unfavourable 
according to criteria selected by the investigator 
(section 3.11, p.36 and section 3.12, p.38)&
iv administering the resulting questionnaire to the 
original samples (section 3.2, p.41);
V scoring the questionnaires and selecting high-
scoring and low-scoring criterion groups (section
153
3.33, p.56);
vi using t-values to select items which differen­
tiated between the criterion groups (section 3*35, 
p.65);
vii arranging the final scale in four parts - part A
consisting of items differentiating between both
postgraduates and sixth-formers, part B of items 
differentiating between postgraduates only, part 
0 of items differentiating between sixth-formers 
only, and part B of items included for non-
statistical reasons (section 3.41, p.74).
The only departures from the usual methodology
involved the inclusion of the items in part D of the
scale; most of these items did not have high t-values 
but were included because of their content. The results 
of the various analyses of variance, however, suggest 
that this part of the scale neither differentiates 
between the sixth-form groups nor the postgraduates; in 
addition, it has lower reliability coefficients than 
other parts of the scale. Removal of this part of the 
scale produces a more discriminating and reliable scale.
5.122 Concurrent validity.
Three measures of concurrent validity were obtained 
using the respondents of School C (section 4.25, p.Ill) 
The coefficients obtained are shown as follows:
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r r r / r /
Values
obtained 0.19 0.45 0.56 0.48
Variables Stereotyping score and 
attitude scale 
score





The correlation between attitude scores and a 
stereotyping measure is significant at the 10 per cent 
level (section 4.252, p.114).
Stereotyping was chosen because Mead and Metreaux 
(1957) had shown that the image of a scientist among high 
school students included stereotypes which ranged from 
the picture of a scientist being very intelligent and 
dedicated to his work to one of a scientist being unaware 
of what is going on in the world to such an extent that 
he neglects his family. Hudson (1969) has shown that 
convergers and divergers have differing pictures of 
scientists and other occupational groups: he suggests 
these pictures are formed at an early age and may be 
related to personality differences rather than educa­
tional influences. In the presénb study, however, 
favourable stereotypes of scientists (as indicated by 
the number of favourable adjectives chosen) do not 
correlate highly with favourable attitudes towards 
science (as indicated by attitude scores). A surprising 
feature of the stereotyping was the large proportion of 
sixth-formers who did not use any unfavourable adjectives
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(section 4.251, p.112): there may be many reasons for 
this; firstly, there were less unfavourable adjectives 
than favourable adjectives from which to choose; and, 
secondly, the sixth-formers may have been choosing 
adjectives which they thought they were 'expected' to 
choose rather than making decisions of their own.
However, Midias (1970) also found among college students 
a discrepancy between their attitudes to science and 
their attitudes to scientists, and some suggestion that 
more students had positive (favourable) concepts of 
scientists than negative (unfavourable) concepts of 
scientists. For example, 57.2 per cent of his sample 
appeared to have neutral concepts of science compared 
with 64 per cent who had neutral concepts of scientists;
17.6 per cent had negative concepts of science but only 
6.4 per cent had negative concepts of scientists.
The values obtained by correlating the number of 
science subjects passed at 'O' level with attitude scores 
are both significant at the 1 per cent level (section 
4.255, p.115).
The value obtained from product-moment correlation 
is significant at the 0.1 per cent level as formula L, 
p.I It gives a t value of 4.59 (O.l per cent t = 3.43 
d.f. 80).
The standard error of the r/ coefficient is unknown 
(Nesbitt, 1966, p.12) and therefore it is not possible to 
indicate the precise significance of the value obtained: 
the chi-square value (Appendix I 26) is significant at
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the 1 per cent level and the chi-square table shows that 
all pupils,passing three 'O' level science subjects had 
attitude scores above the mean; and 75 per cent of 
pupils with no 'O' level science subjects had attitude 
scores below the mean. The middle categories also con­
firm the argument (section 4.253, p.115) that pupils 
passing more science subjects at 'O' level have higher 
attitude scores.
The r/ value for the correlation of the bias of 
'A' level course with attitude scores is not directly 
comparable with the previous r / as one was obtained 
from a 2 X 4 table and the other from a 2 x 2 table. 
However, this value was obtained in an attempt to 
quantify the relationship suggested by the Analysis of 
variance (i.e. science students have higher attitude 
scores than both mixed and arts students). The 3 x 3  
table (Appendix I 27) would have been a better way of 
examining this relationship but the cell frequencies 
were too small (Section 4.254, p.116): the 2 x 2  table 
(Appendix I 28) suggests that the attitude scores could 
be used to identify with some degree of success whether 
a student was biased towards science or arts subjects. 
Students with scores above the mean contain 71 per cent 
of the science-biased students and 30 per cent of the 
arts-biased students; while students with scores below 
the mean comprise 29 per cent of the science-biased 
students and 70 per cent of the arts-biased students.
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This 'blindfold* type of prediction|should)not be 
confused with real prediction, however, and the 
precision of this attitude scale is far less than the 
precision obtained by Hudson (1967) who used a battery 
of tests which enabled him to identify the 'specialism' 
of sixth-formers.
5.123 Summary of validity measures.
Estimates of validity for attitude scales in­
variably involve subjective judgments either of the 
relationship between the measuring instrument and the 
validating information (e.g. essays or interviews) or 
in the choice of the validating material.
Consideration of the content of the scale and 
discussion of the scale with both colleagues and res­
pondents assure the writer that the scale has validity: 
in other words, it does indicate attitudes towards 
science. Rather than rely on these subjective judg­
ments of content and face validity, however, three 
attempts were made to use more objective measures.
The various correlations of attitude scores with 'O' 
level science subjects and bias of 'A' level courses 
confirms that the scale does give a valid indication 
of attitudes to science and that these attitudes are 
reflected in the decisions made by the pupils. The 
correlation between attitude scores and the stereotyping 
measure was low: this may be due to the subjective way
in which the adjectives were chosen by the writer for
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inclusion in the stereotyping measure. In view of their 
differing constructions, the attitude scale is certainly 
both a more reliable and valid instrument than the 
stereotyping measure.
5.15 Differentiation between students.
The attitude scale was based on the responses of 
two groups of sixth-formers and two groups of post­
graduate Education students (sections 3.21, p.42 and
3.22, p.49). None of these groups were either random or 
systematic samples from the parent populations. This 
does not appear to be important in the production of an 
attitude scale: the writer knows of only one study
(Skurnik, 1968) where considerable attention has been 
paid to obtaining a representative sample of respondents 
on whom the original items were tested; and even in 
Skurmik’s study the sample was obtained from schools 
which were willing to co-operate in the research 
investigation. It is more important, however, when 
analysing and comparing the attitude scores of the 
different groups. Although the original frequency 
distributions (Table 17, p.57) and the comparison of 
the 1967 and 1968 postgraduate scores (Table 67, p.120) 
suggested the scores were normally distributed and 
closely matched, results and conclusions based on the 
original samples would be suspect unless supported by 
results from further samples (Sections 4.2, p.104 and
4.4, p. 124).
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The use of analysis of variance on an ordinal 
scale (section 2.31, p.29) would also be questioned by 
some statisticians (Stevens, 1951, p.26) because this 
involves the addition of scores that do not qualify as 
being on an interval scale to obtain mean scores and 
standard deviations.
However, Edwards (1957) in one of the standard 
texts on attitude scale construction recommends t 
testing (involving mean scores and standard deviations) 
for item-analysis and this was the method used by the 
writer (section 3.35, p.65); Stevens (1951, p.26) says 
'in strictest propriety means and standard deviations 
ought not to be used' but goes on to say this is a 
'pragmatic sanction' because 'in numerous cases it 
leads to fruitful results'. McNemar (1962, p.375) 
states the case most clearly: 'The crucial question, 
however, is whether or not the F, t and Z tests can, 
in view of their dependence on means and variances, be 
safely used when the scale of measurement is, as is the 
rule in psychology, somewhere between the ordinal and 
the interval scales. The question boils down to this: 
Will Fs, ts and Zs follow their respective thereotical 
sampling distributions when the underlying scores are 
not on an interval scale ? The answer to this is a 
firm yes provided the score distributions do not 
markedly depart from the normal form. Nowhere in 
the deviations purporting to show that various ratios 
will have sampling distributions which follow either
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the F or the t or the normal distribution does one find 
any reference to a requirement for equal units’.
Analysis of variance using unweighted means was 
performed on the original sixth-form sample (section 
4.121,p.88); the same method was used on the new sixth- 
form sample (sedtion 4.221,p.107) with the results 
shown below:
TABLE 98. jCOMPARISON OF RESULTS OF ANALYSIS OF






A Significant {ifo) F values for 
source Q (sexes) and R (type of 
course.
B Significant F 




C Significant F values for source 
R (type of course)
D No significant F values.
Analysis of variance was followed by comparison of the 
mean scores using the New Multiple Range test of Duncan 
(sections 4.13, p.93, 4.131, p.99 and 4.23,p.109) with 
the results shown as follows:
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TABLE 99. COMPARISON OP SIGNIFICANT DIFFERENCES IN 









A i Boys and girls
ii Science and 
arts.
iii Science and 
mixed.








B i Boys and girls SIGNIFICANT NOT
SIGNIFICANT
C i Science and arts
ii Science and 
mixed.









These tables show that the parts of the attitude 
scale are differentiating between sixth-formers follow­
ing different types of courses in the sixth-form, as well 
as between boys and girls. The parts of the scale seem 
also to be behaving in ways which might be expected from 
the method of construction (sections 3.4 , p.74 and 3.41, 
p.74): Part A was composed of items which differentiated
between the high-scoring and low-scoring sixth-formers 
in the original sample as well as high-scoring and low- 
scoring postgraduates; it continues to differentiate 
when the original sample is categorised according to the 
type of scores and repeats this process with School C. 
Part B was composed of items which differentiated between 
postgraduate criterion groups but not sixth form ones: 
it is therefore surprising to find it distinguished 
between boys and girls in the original sample. This is
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not repeated in School C, however. Part C consisted of 
items differentiating between sixth-form criterion 
groups and continued to do this both in the original 
sample and School 0. Part D of the scale contained 
items selected for miscellaneous reasons and appears to 
have no discriminative powers either in the original 
sample or School C.
Ahalysis of variance was also used to compare the 
scores of different postgraduate groups both in the 
original sample (section 4.32, p.123) and the 1969 
sample (section 4.41, p.128).
With the original sample, P values significant at 
the 5 per cent level were obtained for Part B and Part 
C (Table 73, p.123) of the scale. As a 1 per cent level 
of significance had been adopted for the school samples 
(section 4.12, p.83), the Analysis of variance was 
repeated for the 1969 sample before any further analysis 
was considered; with the 1969 sample no significant P 
values for any Parts of the scale were obtained (Table
80, p.128).
Thus the parts of the scale do hot seem capable of 
distinguishing between the graduates of different dis­
ciplines contained in the two samples. This may be an 
inadequacy possessed by the scale or it might be due 
either to the small groups being compared or to the 
homogeneous nature of the samples (i.e. graduates 
training for teaching).
The attempt to use the attitude scale to compare
163
the attitude of graduates in different disciplines 
(Section 1.2, p.?) has not been achieved: it was also
hoped to obtain some measure of a change in attitude 
during the period of a postgraduate course for the 
training of teachers.
5.2 Change in attitude amongst postgraduates.
Most of the graduates (scientists and humanists) 
coming to the Bath School of Education have had little 
contact with the social sciences (psychology, sociology 
and education). Subjectively it seems that both groups 
have difficulty in 'accepting' the social sciences: 
the reasons for this are far from clear; it may be the 
scientists find the social sciences too 'personal' and 
the humanists cannot accept the application of scienti­
fic method to human beings. However, in the postgraduate 
course considerable emphasis is placed on the concept of 
scientific method and its application to the social 
sciences and teaching: did this emphasis (together with
other experiences during the year) produce a change in 
attitude ?
With the 1969 sample, a test retest correlation 
coefficient of 0.83 was obtained (Table 81, p.129) from 
46 members of the group and thife was an increase in 
mean score which was significant at the 5 per cent 
level (section 4.421,p.130). This improvement in mean 
scores suggests that the attitudes towards science of 
this particular group of postgraduates had changed
during the year. It is hoped to repeat this procedure 
with other groups to see if similar results are obtained
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5.3 Comparison of the attitudes of science and arts
sixth-formers.
The results given in Sections4.1 and 4.2 and 
discussed in Section 5.13, p.158 show that science 
students have higher scores than arts students on Parts 
A and C of the scale, and that girls have higher scores 
than boys on Part A of the scale. In order to describe 
these scores in qualitative terms, the responses to 
individual items were analysed in Section 4.5, p.131 
and 4.6, p.143. Only four items in Part A had signifi­
cant differences between mean scores for both the 
original sample and School 0 (Tables 91, p.142 and 93, 
p.145); and only five items in Part C had significant 
differences for both samples (Tables 92, p.142 and 94, 
p.145). This is summarised below:
TABLE 100. ITEMS BIFFERENTlATINC BETWEEN GROUPS IN 
BOTH SCHOOL SAMPLES.
ORIGINAL SAMPLE SCHOOL C
Item
No.
Magnitude of difference between means 











The magnitude of these differences and the t values 
placed on them (Sections 4.54,p.141 and 4.62, p. 144) 
indicate there are significant differences in the way in 
which the science and arts students responded to them in 
both samples.
What are these items and how do the responses of 
the two groups differ ? Using the data in Appendix 1 37, 
the percentage of science and arts students agreeing or 
disagreeing with the items were calculated, firstly for 
the original sample and then for School C.
Each item included in the previous Table is stated 
in turn and the percentages given for the two samples 
before the responses are discussed.
Item 5: Chemistry is fascinating and exciting.
In the original sample, 74 per cent of the science 
students agreed with this statement compared with 41 per 
cent of the arts students; only 18 per cent of the 
science students disagreed with the statement compared 
with 44 per cent of the arts students. School C showed 
a similar division of opinion among the arts students:
48 per cent agreed and 34 per cent disagreed; whilst the 
division between the science students was less marked,
65 per cent agreeing and 28 per cent disagreeing.
It is interesting that such a simple and straight­
forward item concerning a particular science subject 
should be discriminating: at least it seems clear why
a large proportion of arts students are not studying 
chemistry; they do not find it fascinating and exciting.
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Unfortunately it is not known how many science students 
studying chemistry also disagreed with the statement.
Item 6: Science is boring.
In both the original sample and School C only 3 per 
cent of the science students agreed with this statement, 
95 per cent and 91 per cent respectively disagreeing with 
it. In the original sample, 35 per cent of the arts 
students agreed and 56 per cent disagreed; in School C 
the division between the arts students was more marked, 
only 13 per cent agreeing and 82 per cent disagreeing.
Again a simple and straightforward item which 
appears to discriminate well in one sample and less so 
in the other: possibly a reflection of the quality of
science teaching in the lower part of the schools con­
cerned. Also the kind of response by the science 
students which one might expect: however, it appears to 
confirm that science students do not find their subjects 
boring; an interesting point when many sixth-form 
teachers are questioning the motivation of many of their 
students and even their presence in the sixth-form.
Item 10: 1 would much rather listen to music
than work at science.
The response of the arts students was similar in 
both samples: 71 per cent and 75^ agreeing; 16 per cent 
and 10 per cent disagreeing. The science students 
varied more in their response: 12 per cent agreed and 
41 per cent disagreed in Schools A and B; 34 per cent
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agreed and 53 per cent disagreed in School 0.
An interesting item, particularly when considered 
in relation to item 6; although 56 per cent of the arts 
students in School A and B and 82 per cent in School 0 
did not consider * Science is boring*, there is no doubt 
where their preference lies when music and science are 
considered relatively; 71 per cent and 75 per cent 
prefer to listen to music. The less definite response 
of the science students may be due to a conflict in 
choosing between science and music: 47 per cent were un­
certain in Schools A and B, 13 per cent in School C; and 
12 per cent in Schools A and B, and 34 per cent in 
School C would prefer to listen to music although they 
are science students. This is not so surprising, how­
ever, when one considers the studies (e.g. McClelland, 
1962) which show the large proportion of adult scientists 
who have strong musical interests.
Item 11: Scientists are a nuisance.
In this case, the responses of the science and arts 
students appear very similar: 95 per cent of the science
students and 86 per cent of the arts disagree with this;
2 per cent and 7 per cent agree. And in School 0, 100 
per cent of the science students and 89 per cent of the 
arts students disagree; 0 per cent and 7 per cent agree 
with the statement. The difference in response which 
results in a significant t value is between the choice 
of strongly disagree and disagree: 78 per cent of the
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science students and 46 per cent of the arts students 
strongly disagree with the item; 17 per cent of the 
science students and 40 per cent of the arts students 
disagree with the item.
Item 23: We know that the experience of
scientific discoveries is a good and 
beautiful experience.
Among the science students, 72 per cent of the 
original sample and 81 per cent of School 0 agree with 
this statement; 6 per cent in both cases disagree. 50 
per cent of the arts students in the original sample and 
28 per cent in School 0 also agree with this statement;
28 per cent in both cases disagree.
This is a more sophisticated item to which to agree 
or disagree and it seems surprising that sixth-formers 
(especially the science students) will commit themselves 
to this kind of statement. The uncertainty (44 per cent) 
amongst the arts students in School 0 may indicate un­
willingness to agree or disagree with a statement of 
which they have no direct knowledge or experience but 
this does not apply to the scientists (21 per cent and 
13 per cent uncertain). Perhaps the scientists have 
already begun to experience this sensation themselves 
or they may feel this is a statement with which they 
ought to agree ?
Item 32: Scientists are not like other people.
86 per cent (original) and 94 per cent (School C)
1 6 9
of the science students disagree with this item; only 6 
per cent (in both samples) agree. The arts students are 
less definite in their response but the proportions are 
remarkably similar in both samples: 75 per cent disagree
with the item, 14 per cent (original) and 17 per cent 
(School C) agree with the item.
Once again the discriminating power of the item depends 
on the difference in category of response used by the 
science students compared with the arts students: 58 per
cent (original sample) and 53 per cent (School G) of the 
science students strongly disagree with the item, compared 
with 32 per cent and 20 per cent of the arts students.
Although this item does discriminate between science 
and arts students, it was surprising to find such a large 
proportion disagreeing with the statement. Hudson (1969) 
showed that sixth-formers had stereotypes of scientists 
which were markedly different from other occupational 
groups, particularly as far as personality traits were 
concerned. Responses to item 32 in this study suggest that 
these groups of sixth-formers perceive scientists as 
similar to other people, unlike Hudson's sixth-formers.
Item 39: Scientists are squares.
At first the responses to this item for both groups 
of students seem similar: 89 per cent (science)and 82 per 
cent (arts) disagree with this item; 0 per cent and 13 per 
cent respectively agree with the item. In School C the 
response is even more definite: 97 per cent and 86 per 
cent disagree with the item while 0 per cent (science) 
and 3 per cent agree with the item.
It is the degree of disagreement which distinguishes
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between the groups of students: in the original sample,
55 per cent of the scientists strongly disagree and 26 
per cent disagree ; whilst 55 per cent of the arts 
students strongly disagree and 49 per cent disagree 
with the statement. These proportions are confirmed by 
School C: 65 per cent of the scientists strongly dis­
agree and 52 per cent disagree; while 51 per cent of 
the arts students strongly disagree and 55 per cent 
disagree with the statement.
Item 41: Most scientific books and articles are
incomprehensible.
72 per cent (original sample) and 84 per cent 
(School C) of the science students disagree with this 
statement, compared with 45 per cent and 52 per cent of 
the arts students who disagree. Relatively small 
proportions (21 and 15 per cent) of the science students 
agree with the statement, compared with large propor­
tions (49 and 45 per cent) of the arts students.
This is a revealing item in two ways:
Firstly, the large proportions of arts students 
who find scientific books and articles incomprehensible: 
one wonders whether this may have been one reason why 
they did not continue to study science (a hypothesis 
which would be supported by the writer's experience 
with sixth-form arts students) and whether these students 
will ever read about science again.
And secondly, the smaller proportion of science
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students who find scientific books and articles incom­
prehensible: there are many supplementary questions one
would wish to ask of these students before an explana­
tion of their response could be advanced with assurance. 
Tentatively one might suggest that an appreciable pro­
portion of science students are not stimulated to take 
more interest in science by the books and articles 
available to them in the sixth-form.
Item 45: I prefer talking to people father than
fiddling with things in the laboratory.
40 per cent of the science students in both samples 
disagree with this statement, compared with 28 per cent 
(original sample) and 54 per cent (School C) who agree 
with the statement. In contrast, 22 and 10 per cent of 
the arts students disagree; 66 and 76 per cent agree with 
the statement.
This result would appear to confirm several studies, 
particularly one by Roe (1953 ), which stress the scien­
tists pre-occupation with things father than people.
Many of the sixth-formers studying science subjects will 
not necessarily be committed to further training in 
science but it seems reasonable to suggest that the 40 
per cent who disagreed with this will form a large pro­
portion of those who do intend to become scientists.
The science students' concern for things is accentuated 
by the response of the arts students: the latter clearly 
prefer people, which may be another reason for their
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choice of arts subjects in the sixth-form.
Although only nine items had significant differ­
ences at the 1 per cent level, the results of the 
analysis of the responses to individual items are con­
sistent with the method of scoring associated with
summated scales (Sections 2.22, p.23 and 3.13, p.39).
39Appendix I^shows the differences in mean scores for all 
the items in Parts A, B and C of the scale for both 
samples. A minus sign indicates a difference between 
means which is unexpected: that is, where arts students
get a higher mean score than science students on any 
item; and where boys get a higher mean score than girls 
on items in Part A of the scale. The following table 
attempts to summarise Appendix I 39.
TABLE 101. NUMBERS OP ITEMS SHOWING SIMILAR AND
DISSIMILAR RESPONSES IN BOTH SCHOOL SAIvIPLES.








a) higher mean scores for
science students than arts 
students in both samples
10 6 22
b) higher mean scores for
science students than arts 
students in one sample only 3 3
3 +
c) higher mean scores for girls 
than boys in both samples 4 - -
d) higher mean scores for girls 
than boys in one sample only 5* - -
this leaves four items in Part A of the scale 
which gave higher mean scores for boys in both 
samples: all differences in mean scores were
less than 0.40.
+ this leaves two items in Part 0 of the scale
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which, gave higher scores for the arts students 
in both samples: both differences in mean scores
were less than 0.20.
This table (101) clearly shows that the majority 
of the items are contributing to the total score in the 
expected way: while the differences in mean scores on
individual items may not be significant, the summation 
of these differences contributes to mean scores for the 
parts of the scale which ^  differ significantly from 
one group to another. This also suggests that combining 
the scores of Parts A, B and C may increase the discrim­
ination of the scale.
The remaining aim of the research (Section 1.3, 
p.7) is to compare the attitudes of sixth-formers who 
have completed a ’Nuffield' course with those who have 
not: this will form the basis of Part II. Further
attempts to confirm the validity of the scale will also 
be made.
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CHAPTER 6. Conclusions to Part I .
6.1 A summated (Likert-type) attitude scale has been 
produced containing 49 items which refer to science 
and scientists. The scale has been completed by 
both sixth-formers and graduate scientists. It 
appears to be a reliable measure for both groups
of respondents.
6.2 The content validity of the scale appears to be 
satisfactory: the methodology for the construction 
of summated scales has selected items which clearly 
refer to the objects (science and scientists) under 
investigation.
The concurrent validity of the scale also appears 
to be satisfactory: two validity coefficients were
each significant at the 1 per cent level; and 
another coefficient was significant at the 10 per 
cent level.
6.3 Within the school samples used, science students as 
a group obtained higher scores than arts students
on items 1 - 1 3  (Part A of the scale) and items 23 - 
49 (Part C of the scale). Students following courses 
which combined science and arts subjects had inter­
mediate scores. The differences between the mean 
scores of science and arts students were significant 
at the 1 per cent level for both parts of the scale.
The difference between the mean scores of science 
and mixed students was significant at the 1 per cent
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level on Part A of the scale.
Girls had significantly higher scores than boys on 
Part A of the scale.
6.4 Within the postgraduate samples used, no significant 
differences in mean scores were established at the
1 per cent level. In this analysis, graduates from 
different disciplines were compared: comparison of
science and arts graduates was not made.
6.5 Part of the 1969 postgraduate sample showed an 
increase in mean scores when tested on two occasions 
at an interval of eight months. This difference in 
mean scores was significant at the 5 per cent level. 
The improvement in mean scores suggests a change in 
attitude had occurred during the eight month 
interval and that this change reflected a more 
favourable attitude towards science.
6.6 \7hen the responses of the sixth-formers to individ­
ual items were analysed, the differences between the 
mean scores of science and arts students were signi­
ficant at the 1 per cent level for each of nine 
items. This analysis also showed that the differ­
ences between the mean scores of science and arts 
students were consistent for the majority of the 
items: science students having higher mean scores
than arts students.
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P A R T  II
VALIDATION AND USE OF THE SCALE
CHAPTER 7 » Further attempts to confirm the validity of the scale.
The original investigation has established that the scale was a 
valid indicator of attitude towards science for sixth-formers (Section 
5 - 12, p. 150). The validity of the scale for graduate scientists had 
not been determined in Part 1 of the study.
One way of establishing the validity for graduate scientists 
appeared to be the use of criterion groups, that is, choosing groups 
which would be expècted to gain either high attitude scores or low 
attitude scores on the test. EyXsenck (1953) compared the mean scores 
of groups which were chosen to test the validity of his inventory of 
social attitudes: his radical - conservative (R) scale was validated
by testing groups of conservative, liberal and socialist voters and his 
tough-minded/ tender-minded scale (T) was validated by testing working- 
class and middle-class groups. To validate the attitude to science 
scale in a similar way it was necessary to hypothesize about groups and 
the scores they would obtain on the scale. Two hypotheses were tested 
in an attempt to validate the scale: scientists who were actively
engaged in research would gain higher scores than those who were not; 
and. Fellows of the Royal Society (i.e. scientists who had been 
recognised for the quality of their research) would gain higher scores 
than the research scientists. These hypotheses allowed validation groups 
to be chosen.
Another way of confirming the validity of the scale for mature 
scientists was to consider the responses made to the individual items 
in the scale. The writer had judged whether items reflected a favourable
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or unfavourable attitude about science and scientists (Section 3.H» 
p. 36 and 3.12, p. 38) : item analysis had eliminated some items in
which reversal of responses had occurred; and analysis of sixth-form 
responses had confirmed that the majority of items were giving 
consistent differences in mean scores between science and arts 
students. Would the items produce equally consistent results from 
graduate scientists? Another validation group was chosen to answer 
this question: biology tutors in University Departments of Education,
another group which were expected to give favourable responses.
The selection, testing and results for the two types of 
validation (comparing the mean scores of scientists and Fellows; 
comparing the responses to individual items) will be described in 
turn.
7.1 Selection and testing of scientists.
In order to select a random sample it must be possible to 
make a list of the people from whom the sample is to be made. One 
list which contains meiny of the scientists working in this country is 
the Commonwealth Universities Yearbook in which are listed the 
University Departments and their staffs. Inspection of this volume 
showed 3^ English Universities from which a selection of scientists could 
be made. Most of these universities possessed chemistry, physics and 
engineering departments; departments containing biologists were often 
split into separate botany and zoology sections; fewer Universities had 
psychology, sociology or social science departments. The size of 
departments varied considerably from one university to another.
As the principal groups of scientists among the postgraduate 
education students (Section 3*22 p. 4$) had been biologists, chemists 
and physicists, it was decided to select similar groups of research 
scientists with the addition of a group of social scientists. Thirty 
scientists in each group was considered to be both a large enough
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group for statistical purposes and not too large for convenient handling 
of data. Forty scientists in each group were selected in order to allow 
for a 25^ failure to respond.
7.11 Selection of research scientists.
The following procedure was adopted in order to select a random 
sample of scientists; each university was allocated a number and a 
table of random numbers gave the order in which the universities would 
serve as a source of scientists; most universities were used three times 
but some four times and a few only twice.
Having selected the university for consideration, the particular 
department was examined; a table of random numbers was used, according 
to the size of the department, to select scientists from amongst the 
lecturer grade who had obtained a PhD degree. This process was repeated 
until sufficient scientists in one category had been selected.
In the case of London University a subsidiary list of colleges was 
made so that scientists could be selected from the colleges in a random 
way.
The most difficult group to select were the social scientists; 
in many departments there was no indication of the discipline in which the 
scientist had been trained and few of the staff appeared to have PhD 
degrees. Consequently individuals were only selected if they were clearly 
either psychologists or sociologists and they possessed a researchdegree: 
twenty psychologists and twenty sociologists finally formed this group.
7.12 Selection of Fellows of the Royal Society.
The number of Fellows in each department was small; in many cases 
there were none. The same random list of universities was used (Section
7.21 ) so that the list of Fellows was completed in a random way, but any 
Fellows within the requisite department were selected unless the Yearbook 
indicated they were not a full-time member of staff.
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It was not possible to obtain a group of social scientists who 
were Fellows of the Royal Society: forty biologists, chemists and
physici^ksto were selected however.
A letter was drafted to explain the nature of the enquiry 
(Appendix II 1) and this was sent to each of the research scientists and 
the Fellows of the Royal Society, together with a copy of the attitude 
scale. A stamped, addressed envelope was enclosed for the return of 
the completed scale.
7.13 Responses to the postal survey.
The attitude scales were sent out in June 1970: some delay in
response to the enquiry was expected; what was unexpected was the length 
of the delay in the case of a few individuals.
7.131 Responses from scientists and Fellows.
The bulk of the replies were received by the end of July, some 
were returned in August and a few were returned in September. The 
analysis of the data had been unexpectedly delayed so that these late 
replies were able to be included.
Among the research workers, nine scales were returned because the
scientists had moved to other appointments; three were returned completed,
with expressions of interest and request for further information; and two
were returned uncompleted with the reasons for this. Of the remaining l46,
seventy nine were returned complete with no comments. The numbers
returned in each category are shown below.
TABLE 102 RESPONSES FROM SCIENTISTS.







The reasons given for non-completion of the scale will be 
presented in the next section.
Among the Fellows of the Royal Society, twelve scales were 
returned uncompleted due to pressure of work and other commitments; 
three were returned uncompleted with a comment ; and two completed ones 
were returned with comment. Of the remaining 105, fifty were returned 
complete with no comment. The numbers in each category are shown below. 
TABLE 103 RESPONSE FROM FELLOWS.





7.132 Reasons for non-completion of scale.
These are given in some detail because of their relevance to the 
question of validity and to the procedure of collecting information 
through a postal survey.
Both research scientists commented on what they described as the 
vagueness of many of the statements: one found the main difficulty was
answering questions where the general terms ’science’ and ’scientist’ 
were very vague; he therefore used the non-committal response (0 
response) on several occasions. The other felt that the vagueness of the 
statements would mean that his answers were open to misinterpretation 
(together with those of other respondents). These comments will be dis­
cussed in section 7*3
The three Fellows, who did not complete the scale but supplied 
some comments, also decided that the statements could not be judged in 
their present form as they needed qualifying in some way before a decision 
could be reached. One of them expressed this most succinctly and introduced
l 8 l .
another factor, by saying 'So many of your questions could be answered in 
two different ways and many of them would need so much qualification that 
no elderly scientist like myself could give a sensible short answer' and 
'Maybe the attitudes which you are trying to elucidate are definite for 
the young but they are not for myself '
The other two Fellows who had made comments again referred to the 
nature of the items in the scale; one commented on the 'ill-defined and 
meaningless statements' which led him to use the 0 classification 
frequently; the other said: 'In completing this it struck me that a 
number of the questions can be interpreted at various levels of sophistica­
tion. The way a more experienced scientist looks at them may be quite 
different from the impression that the question conveys to the main group 
of people to whom the questionnaire is directed. The level at which I, 
and probably other senior people, have answered these may represent quite 
different attitudes from those that you had in mind.'
7.133 The samples of research scientists and Fellows.
Among the research biologists were two scientists with first 
degrees in other sciences (chemistry and physics) but with higher degrees 
in biological research. Among the physicists were a mathematician and a 
metallurgist both now specialising in branches of physics rather than their 
original degree subject. Among the social scientists were a chemist, a 
physicist and three biologists, all now working in the social sciences.
All the chemists had first degrees in chemistry. Other characteristics of 
the group are given below.
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Among the Fellows, the biologists were more reticent about giving 
details of their university and degree subjects which accounts for some 
lack of details in the following table.

















Upper Second (3) 1
Chemists 48-67 62 Chemistry (9) Firsts (9) 0
Physicists 43-66 39 Physics (22) Firsts (22) 0
7.l4 Method of Analysis.
The main purpose of the scientists and Fellows was to act as 
criterion groups. The mean scores of the postgraduate students, the
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research scientists and Fellows were compared in order to test the 
hypotheses about the validating groups.
A three-way Analysis of variance was used but the small number 
(9) of chemists amongst the Fellows made a simple analysis inappropriate: 
consequently it was decided to use the method of unweighted means (as 
described in Appendix I 9)
The social scientists were excluded from this analysis as 
there was no corresponding group among the Fellows: however, an
opportunity arose to test two groups of undergraduate sociologists and 
their scores were compared with the research scientists.
The data for the scientists is summarised in Appendix II 2 and 
the results of the analysis of variance are given in the next section.
The mean score for each group is shown below.
TABLE 106 MEAN SCORES FOR POSTGRADUATES, SCIENTISTS AND FELLOWS.
POSTGRADUATES SCIENTISTS FELLOWS
Part of 
scale B C P B C P B C P
A 36.4 36.9 34.0 39.0 38.7 39.2 40.6 43.3 39.6
B 22.0 21.3 23.6 23.3 23.3 22.6 21.3 24.7 22.6
C 72.2 69.7 69.0 73.8 72.0 76.1 74.9 73.8 73.0
"K = 20 17 16 18 22 18 20 9 23
Examination of this table show the mean scores of Fellow;on 
part A of the scale appear to be higher than the mean scores for 
scientists and these, in turn, appear to be higher than the mean scores 
for postgraduates. Similarly, the mean scores for Fellows and scientists 
appear to be higher than the mean scores for postgraduates on part C of 
the scale. No pattern is apparent for part B of the scale. Analysis of
l84,
variance was restricted to parts A and C of the scale because the 
differences between the mean scores on part B of the scale were 
negligible in size.
7.141 Analysis of variance.
Calculations for the analysis are shown in Appendix II 3: 
summaries of the F ratios follow:
The source of variation are:
X = between kinds of scientist
Y = between disciplines
* indicates an F ratio significant at the 1 per cent level.
+ indicates an F ratio significant at the 5 per cent level.
TABLE 107 SUMMARY OF F RATIOS (SCIENTISTS)
F RATIOS
Source of 
variation Part A Part C
X 18.13 * 3.18 +
Y 2.35 -
X X Y 1.24 -
The F ratios indicate significant differences in mean scores between 
the kinds of scientists; there are no significant differences in mean 
scores between the disciplines. The mean scores for postgraduates, 
scientists and Fellows on parts A and C of the scale need further 
consideration: the standard errors for these means are given below
(calculations in Appendix II 4)
TABLE 108 MEAN SCORES AND STANDARD ERRORS, PARTS A AND C, SCIENTISTS.
PART A PART C
Mean Score StandardError Mean Score
Standard
Error
Postgraduates 33.8 0.63 70.3 1.15
Scientists 39.0 0.60 74.0 1.10
Fellows 41.2 0.69 73.9 1.26
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The new Multiple Range test was used to compare the above mean scores 
in order to indicate which differences were significant. Calculations 
are shown in Appendix II 3« The results are given below.
7. l42 Comparison of means.










Postgraduates 5.4 17.24 39.1 *
Fellows and 
scientists 2.2 16.34 16.29
Scientists and 
Postgraduates 3.2 16. 23.81 *
Thus the difference in mean scores on Part A of the scale between 
Fellows and postgraduates is significant at the 1 per cent level, as 
is the difference between scientists and postgraduates. The value 
obtained for the difference between Fellows and scientists is only 
significant at the 3 per cent level. The significant differences 
for part C of the scale are apparent from Table IO8: the difference 
in mean scores (0.1) between Fellows and scientists cannot be signifi­
cant; the other two differences (3.6 between Fellows and postgraduates; 
3«7 between scientists and postgraduates) would appear to be significant 
at the 3 per cent level.
These results are discussed in section 7» 3 P 194-
The social scientists were not included in the above analysis 
because there was no comparable group of Fellows. An opportunity arose 
to test two groups of Undergraduates reading for a sociology degree. 
Their scores were compared with the social scientists.
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7.15 Undergraduate sociologists.
The undergraduates consisted of two groups: one group of 35 
(10 men and 25 women) at the end of their first year course; and another 
group of 23 (10 men and 13 women) at the end of their second year.
A summary of data for these groups is given in Appendix II 6.
The first year undergraduates had an age range from I8-3I but 
the majority (60?o) were 19 years old. With one exception, they all had 
obtained three 'A* levels and three had four ’A' levels. The majority 
had taken arts or social science (e.g. sociology, British government) 
subjects at school: only eight had studied science subjects; three had
studied science subjects only, the remaining five had containued one or 
two sciences with one or two arts subjects. A similar bias was shown 
amongst their 'O' level subjects.
The ages of the second year undergraduates ranged from 19-31; 
the majority (56%) were aged 20. Again, with one exception, all had 
three 'A' levels and six had four 'A' levels. Only two had studied 
three science subjects but another four had combined one science subject 
with two or three arts subjects.
Before making any further comparisons, the mean scores and 
standard deviations of these groups were examined.
7. 151 Mean scores of undergraduates.
The raw scores suggested there might be differences between 
men and women in the two year groups so separate mean scores and 
standard deviations were calculated.
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TABLE 110 MEAN SCORES AND STANDARD DEVIATIONS FOR UNDERGRADUATES.
YEAR 1 YEAR 2
FEN WOMEN MEN WOMEN
Part of 
scale X SD X SD X SD X SD
A 32.5 5.53 32.4 3.98 27.6 7.37 29.7 4.51
B 22.2 2.99 22.4 2.59 23.1 3.39 21.1 3.12
C 67.5 10.93 69.4 8.54 60.5 12.19 61.2 6.61
The outstanding feature was not, however, the difference in the 
scores of men and women but the differences between first and second year
undergraduates on Parts A and C of the scale: the second year group had
lower scores than the first year.
The unequal numbers in each group made it necessary to perform 
a two-way analysis of variance either by reducing the groups to the same 
size or by the method of unweighted means. The method of unweighted means 
was used in order to involve the maximum amount of data.
7.152 Analysis of variance for undergraduates.
Calculations are given in Appendix II 7« The F ratios are given
below.
Sources of variation are: 
Z = between year groups 
Q = between sexes
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TABLE 111 SUMMARY OF F RATIOS, UNDERGRADUATES.
F RATIOS
Source of 
variation Part A Part B Part C
Z 6.20 + - 7.81 *
Q - - -
Z X Q - 1.46 -
This table shows significant differences in mean scores between 
thfi first year aind second year undergraduates on parts A and C of the scale 
but no significant difference on Part B. The F value on Part A of the 
scale is only significant at the 5 per cent level; the mean scores and 
standard errors of the means are only shown for Part 0 of the scale 
(Calculations in Appendix II 8). These results are discussed in section 
7.4





YEAR 1 68.5 1.8l
YEAR 2 60.9 2.04
The scores of the undergraduate sociologists were then compared 
with the social scientists on Parts A and C of the scale using a one-way 
Analysis of variance. The calculations are shown in Appendix II 9 :
the summary tables are shown below.
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7.153 Analysis of variance, undergraduates and social scientists. 
TABLE 113. 8U#IARY OF F RATIOS, UNDERGRADUATES AND SOCIAL SCIENTISTS.
F RATIOS
Source of variation Part A Part C
Between groups 21.57 * 11.72 ♦
This table shows F values significant at the 1% level and the 
New Multiple Range Test was used to identify which differences between 
means were significant. Worksheets are shown in Appendix II 10. The 
results are summarised below.
7.154 Comparison of means, undergraduates and social scientists.


















5.9 18.86 29.11 *
Und ergraduat es 
(Year 1 and Year 
2)
3.6 18.86 18.97 *
* indicates value significant at the 1% level.
Although this result shows a significant difference between the 
two undergraduate groups, the difference between the significant and 
the obtsiined value of R'p is very small (O.O9): the analysis of
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variance (Table 111) shows an F value significant at the 5 per cent level
and the above result should be regarded as confirmation of this difference
rather than indicating significance at the 1 per cent level.














12.0 34.11 58.15 *
Scientists and 
Und ergraduat es 
(Year 1) 4.0 32.71 19.74
Undergraduates 
(Year 1) and 
Year 2
8.0 32.71 42.15 *
This table confirms that the difference in mean scores of the 
undergraduates is significant at the 1 per cent level (compare Table 
111) and the difference in mean scores between the social scientists 
and second year undergraduates is also significant at this level.
The means and standard errors of these groups is shown below. 
(Calculations in Appendix II ii)
TABLE 116. MEANS AND STANDARD ERRORS, PART A, UNDERGRADUATES AND
MEAN SCORES STAI\fDARD ERRORS
' SOCIAL SCIENTISTS 38.3 0.90
YEAR 1 32.4 0.77
YEAR 2 28.b 1.28
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TABLE 117. MEANS AND STANDARD ERRORS, PART C, UNDERGRADUATES AND
SOCIAL SCIENTISTS.
MEAN SCORES STANDARD ERRORS
SOCIAL SCIENTISTS 72.9 1.26
YEAR 1 68.9 1.60




These results are discussed in Section 7.4 p. 297
7.2 The selection and testing of biology tutors.
This criterion group was chosen to act as judges for the items 
rather than to provide sets of attitude scores. They were chosen for 
three reasons:
a list of biology tutors was readily available from the 
Secretary of the University Biological Education Tutors; 
they were scientists who had not only been trained in biology 
but had experience of both school and university teaching; 
some had research experience in biology, others in education, 
as university teachers of prospective secondary school teachers 
they were concerned with not only the content of biology but, 
in addition, the place of biology in science teaching and the 
educational values of science teaching. Several of them had 
also been involved in work for the Nuffield 'A' level biology 
courses and the aims of science teaching in sixth-forms, which 
formed the basis of these courses.
A letter (Appendix II 12) and attitude scale were sent to each of 
the 29 biology tutors. A stamped addressed envelope was enclosed for 
return of the completed scale.
7.21 Response from biology tutors.
Twenty of the twenty-nine biology tutors returned the attitude
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scales completed. Several letters of comment were returned with the scales. 
Once again, the exact meaning of some of the statements was questioned: thus 
it was argued one could either agree or disagree with a statement according 
to the precise interpretation put upon it.
Two new kinds of comment were included: one, felt that the scale 
appeared to have 'face* validity; the second referred to the arrangement 
of the answer spaces in two ranks which might lead to bias in the responses, 
particularly if the respondents became aware that their responses were forming 
a pattern with the + responses falling in the left hand rank and the - 
responses in the right hand rank
7.22 Information from Biology Tutors.
Although the scores of the biology tutors were not to be compared 
with either the research scientists or Fellows, comparable information is 
given below.
TABLE 118. INFORMATION ON BIOLOGY TUTORS.








Upper Second (8) 




The age range lies between that of the research scientists and the 
Fellows, with the median age above that of the research scientists. 
Compared with the other groups of scientists the biology tutors contain 
the largest proportion of women.
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7.23 Analysis of responses to items.
The frequency of response to each item is shown in Appendix II 
13: these are the scores on each item when the bias of each statement
has been considered (Section 3.13 p.39). If the judgment of the 
investigator is correct, the pattern of scores on each item should be 
similar showing that the respondents are agreeing with the favourable 
statements and disagreeing with the unfavourable ones.
One way of examining the response to individual items is to 
ignore the score of 2 (indicating uncertainty or inability to decide) 
and to compare the number who have high scores of 4 or 3 (indicating 
agreement with favourable items and disagreement with unfavourable ones) 
with those who have low scores of 1 or 0 (indicating disagreement with 
the judgment of the investigator): if more respondents have high
scores than low scores the judgment is confirmed; if more respondents 
have low scores the judgment is questioned. Using this method, the 
only items with which the group disagreed with the investigator's 
judgment were: numbers 23, 28, 43 and 45.
Ignoring the 'uncertain' category is misleading, however; 
item 10 has 15 (75 per cent) of the respondents in this category so that 
judgment is confirmed by 4 respondents having a high score and 1 having 
a low score. Similarly item 8 has six respondents 'uncertain', 8 with 
high scores and 6 with low scores. It was decided to examine the scores 
in a different way by finding the items on which at least 50 per cent 
of the group had high scores. Full details are shown in Appendix II 13; 
asummary of the results is shown below.
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TABLE 119. ITEMS JUDGED BY TWO DIFFERENT CRITERIA.
Number of items where judgment is confirmed by:
Part of scale
More Respondents with high 
scores than low scores (i)
30^ of Respondents with 
high scores (ii)
A (13 items) 13 11
B (9 items) 9 9
C (27 items) 22 22
D (7 items) 7 7
Totals 31 49
The items which are questioned by these criteria are shown below; 
TABLE 120. ITEI'iS SHOWING DISAGREEMENT WITH JUDGMENT
PART OF SCALE
Items eliminated by : A B C D
Criterion (i) - - Nos. 23, 27,28, 4), 45. -
Criterion (ii) Nos. 8 and 10. - Nos. 25, 27,28, 45, 45. -
These results are discussed in Section 7.5, p. 198
7.3 Discussion of results: scientists and Fellows.
The hypothese suggested when considering the way in which these 
groups could provide evidence of the validity of the scale were:
Fellows of the Royal Society, who had been recognised for the quality 
of their research, would have higher scores than scientists who were 
actively engaged in research; and these scientists would have higher 
scores than those with no experience of research.
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The analysis of variance also allowed comparison of the mean 
scores of the different disciplines in which the three groups of 
scientists had been trained.
The results presented in sections 7.l4l, p. l84 and 7.142 p.
183 show that there were no significant differences in mean scores between 
the different disciplines.
This result appears to confirm the previous work with the post­
graduate samples (sections 4.3 and 4.4) and suggests that biologists, 
chemists and physicists do not have different attitudes towards science.
In regular contacts with scientists, scientifically trained colleagues 
and science teachers, the writer finds there is an assumption that 
biologists, chemists and physicists have different attitudes towards _
science. There seems to be no a. p-wffvL reason for this assumption. 
Although both Hudson (I967), for sixth-formers, and Roe (1933), for 
adult scientists, have shown that there are clear differences in 
of intelligence between physical scientists and biologists, much of the 
latter's work stresses the similarity in personality and behaviour of 
scientists. In her work. Roe found both physical and biological 
scientists were concerned with things rather than people and that they 
show disinterest in personal relations from an early age. This tendency 
to avoid both personal relations and complex human emotions has also 
been stressed by McClelland (I962) who also found that physical 
scientists developed interest in practical, outdoor pursuits as well 
as a strong interest in the analysis of things. Hudson (I967) found 
that biologists, as well as physical scientists, had practical and 
outdoor pursuits.
If these characteristics of scientists are the outward 
manifestations of a particular kind of personality which develops at 
an early age, perhaps it would be surprising if the training afforded
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by their different disciplines produced different attitudes towards 
science. Similarly, there was only one significant difference between 
the Fellows and the scientists: this was on part A of the scale and was
significant at the 5 per cent level. Thus one of the validatory 
hypotheses has been partially confirmed: that is, Fellows have significantly 
higher mean scores than scientists on Part A of the scale although not 
on other parts of the scale.
Once again, perhaps it was unrealistic to expect differences 
in scores from two groups of scientists with similar training and 
experience of research.
Another factor to consider in interpreting these results is the 
response to the postal survey (section 7.13, p.179 ): only half of the 
attitude scales were returned by the research scientists and less than 
half by the Fellows. As Butcher (I963, p. 26) has said:
'The willingness or ability to respond to a test or questionnaire is 
more likely than not to be correlated with whatever psychological 
qualities the enquiry is designed to assess'. If there are systematic 
differences between the responders and the non-responders, there is no 
way of allowing for this difference in the present study.
However, there are significant differences between the 
scientists and Fellows who completed the scale and the postgraduate 
scientists with no experience of research. These differences are 
significant at the 1 per cent level on part A of the scale and at the 5 
per cent level on part C of the scale. Scientists with research 
experience have higher attitude scores than those with no experience of ~ 
research. Thus the second validatory hypothesis is confirmed in spite 
of the comments made by a few of the research scientists and Fellows 
who found some of the statements vague (section 7.132) and capable of 
interpretation in many ways. The majority of scientists who completed 
the scale made no comments about the difficulty of making judgments.
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There may be differences in personality between those who could and 
those who could not complete the scale; McClelland (1962) suggests 
that the scientists' preoccupation with analysis is the reason why 
they dislike the The^matic Apperception Test, where one is asked to 
tell a story about a picture which is presented; this preoccupation 
makes them concerned about 'what is "really" the correct interpretation 
of the pictures' (p. 132, and quoted in Hudson, I967, P. 14?).
Similarly, the attitude scale is difficult to complete if one becomes 
concerned about the correct interpretation of the items; it is not 
intended to be used like a cognitive test where there is often only one 
correct answer to a question; but it is designed to allow five different 
responses to each item.
Additional evidence concerning validity came from the comparison 
of social scientists and undergraduates. It is also interesting to 
speculate about the few, but regularly occurring, sixth-formers who 
were unable to complete the scale without qualifying the statements 
or adopting their own scoring system. Are these the analytical sixth- 
formers destined to become either mathematicians or scientists?
7.4 Discussion of results: Social scientists and undergraduates.
The social scientists have scores similar to the other research 
scientists (Tables 108,ll6 and 117) and there are significant differences 
in mean scores between the social scientists and both groups of under­
graduates on Part A of the scale, and between the social scientists and 
second year undergraduates on Part C of the scale. The differences are 
significant at the 1 per cent level in all cases. Once again, the 
research scientists have higher scores than the scientists with no 
experience of research: thus providing additional support for the val­
idity of the scale.
The undergraduate group was also interesting for a different 
reason: the attitude scores were low on parts A and C of the scale
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(Tables 111).
In view of their background of ’A' level subjects (Section 
7.15» p 1 9G ) the undergraduates might be regarded as 'arts' students 
and, on this basis, low scores rather than high scores would be 
expected. However, they liave been present in a university environ­
ment for one or two years, studying a social science which deals with 
people rather than things, and in a department which places emphasis 
on the scientific approach to sociology. On this basis, the scores 
are unexpected, particularly those of the second year undergraduates.
On the evidence available, there are no apparent differences 
in the background of the two groups of undergraduates (Section 7.13, 
p 1 8 (d ). In this case, it is possible that the difference in attitude 
scores does reflect the effects of a particular university course.
7.3 Discussion of results:—  judgments of Biology tutors.
The validity of the scale has also been considered by the 
response of this group to the separate items in the scale. If the 
judgment of the investigator is wrong about the favourable or unfavour­
able nature of the items, this will effect both the reliability and 
validity of the scale as respondents will be gaining a high score on 
items which should be given a low score, and vice versa.
Tables 119, p l 94- and 120, p 194- show four items in part C 
of the scale where the judgment of the investigator is questioned: 
these are items 23, 28, 4^ and 43.
When 30 per cent of the respondents having a high score is 
used as the criterion, two more items become suspect: these are items 
8 and 10 in part A of the scale.
Thus 30 of the 36 items have been judged in a similar way 
by at least 30 per cent of the group; the original judgment of the 
investigator is confirmed; and further support for the validity of the 
scale is obtained.
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CHAPTER 8. Using the attitude scale.
One of the original aims of the research (Section I.3 P» 7) had 
not been attempted in Part I of this work: that is, the comparison of __ 
sixth-formers following Nuffield courses and those who were not. Some 
evidence (Meyer, 1969; Laughton and Wilkinson, 1970) is available which 
suggests that children following Nuffield 'O’ level courses in science 
at secondary schools obtain higher scores on attitude scales about 
science than children who do not follow this type of course. In both 
cases, the authors have used their own attitude scales which were 
developed for children of secondary school age but not for sixth- 
formers. No work has been published about the effects of Nuffield 'A' 
level courses. At the time this enquiry was being planned (May, 1970), 
Nuffield 'A' level course in biology and chemistry had been started in 
secondary schools and some sixth-formers had taken the examinations 
relevant to these courses. Nuffield 'A' level courses in physics were 
not so well established. It was therefore decided to concentrate on a 
sample of sixth-formers taking the biology courses.
8.1 The choice of Nuffield and non-Nuffield samples.
The selection of a sample of sixth-formers representative of those 
following Nuffield 'A' level biology courses was carried out by obtain­
ing a list of the schools which had participated in the biology trials 
and whose pupils were following Nuffield 'A' biology courses. This list 
contained 4l schools having the characteristics shown in Table 121 
TABLE 121. NUFFIELD BIOLOGY SCHOOLS.
NATURE OF SCHOOLS


















The numbers in brackets indicate schools which had also 
followed the Nuffield 'O' level biology course. Schools in 
Northern Ireland and Scotland were excluded from the list.
There was no information about the size of the schools or the 
number of sixth-formers studying biology.
Table 121 indicates several variables which might influence 
scores on the attitude scale besides the type of biology course being 
followed: sex, nature of the school, type of school and previous type 
of biology teaching. The possibility of arranging a proportionate 
sample to allow for these variables seemed unlikely, particularly as 
the independent and direct grant schools included several of the 
'better-known' schools in this country which could not be considered 
typical of the majority of schools of these types. Another consideration 
was the number of schools which could be handled by the investigator.
If ten Nuffield schools were approached another ten comparable schools 
would 6Ü.SO need to be approached. It was therefore decided to select 
ten schools at random from the list with another five in reserve.
8.11 Selection of Nuffield Schools.
A number between 1 and 4l was allocated to each of the schools 
on the list; a table of random numbers was then used to select 10 
schools which formed the first-choice list; another 5 schools were 
selected to form a reserve list. 3 of the 10 schools in the first 
list were found to be no longer concerned with Nuffield biology courses 
and were replaced by the first 3 schools on the reserve list. The final 
list of ten schools had the following composition:
TABLE 122. SAMPLE OF NUFFIELD BIOLOGY SCHOOLS.
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TYPE OF SCHOOL BOYS GIRLS MIXED
Independent 0 0 - 0
Direct Grant 1 2 0 3
Maintained 3 (3) 3 1 7
Totals 4 3 1 10
The approximate size of each school was found from the Local 
Education Authorities Year Book. Six had less than 600 on roll; 
two had between 600 and 1,200 pupils; and two had more than 1,200 
pupils. It was now possible to choose a matched group of non- 
Nuf field schools.
8.12 Selection of non-Nuffield schools.
Matching of schools was performed as follows; the Nuffield 
schools were widely scattered throughout the country, each in a 
different education authority area. The number of schools of the 
same type as a particular Nuffield school in a particular education 
authority was determined from the Local Education Authorities Hand­
book. These schools were allocated numbers and a table of random 
numbers was used to select a school. If the school selected was 
not comparable in size with the Nuffield school, the next school 
on the list was chosen. This procedure was repeated until ten schools 
had been selected.
It was not possible for the investigator to visit the twenty 
schools personally so a postal survey was planned. Many delays had 
occurred in planning the survey sind testing at the end of the summer term 
(1970) was only possible if the attitude scales were sent to the
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selected schools without a preliminary enquiry concerning their 
willingness to co-operate in the survey. The writer was reluctant 
to delay the enquiry for another year; a letter of explanation was 
written (Appendix II l4) and sent to the schools with a set of 
attitude scales.
8.13 Responses from schools.
The attitude scales had been sent to 20 schools; a H t h e  Nuffield 
schools replied to the letter, although three could not supply com­
pleted scales; eight of the non-Nuffield schools replied but one of 
them could not supply completed questionnaires. The attitude scales 
had been sent to schools to coincide with the end of the ’A* level 
examinations; again, the unexpected factor was the variety of 
activities in which the 'A' level candidates participated after the 
examinations were over; and, in several cases, they did not return to 
the school and were unable to take part in the enquiry.
In the case of the Nuffield schools, seven returned completed 
scales but the number from each school varied considerably; complete 
returns from the second-year sixth were unusual because of their other 
activities. The final response was as follows;
TABLE 123. RESPONSE FROM NUFFIELD SCHOOLS.
School Boys Girls Type of School
I 1 - Boys, grammar
II - 8 Girls, grammar
III 32 - Boys, direct grant
IV - 12 Girls, grammar
V 14 - Boys, grammar
VI - 23 Girls, direct grant
VII - 15 Girls, grammar
Totals 47 38
Seven of the non-Nuffield schools returned scales: the numbers are 
shown below:
TABLE 124. RESPONSE FROM NON-NUFFIELD SCHOOLS.
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School Boys Girls Type of School
1 1 10 Mixed, grammar
2 6 - Boys, grammar
3 27 - Boys, direct grant
4 22 - Boys, grammar
3 - 11 Girls, grammar
6 - 13 Girls, grammar
7 - 6 Girls, grammar
Totals 36 4o
All of these schools had replied by the end of July: no 
attempt was made to contact the two schools which did not reply as, 
by this time, the school holidays had arrived and the students concerned 
in the enquiry had left school.
8.l4 The school samples.
The schools had been chosen in order to have sixth-formers from 
matched pairs of schools. This had not occurred for the reasons given in 
the previous section. The 103 Nuffield students and the 96 non-Nuffield 
students each came from seven schools but the number of replies from each 
school varied from 1 to 32. 71 of the 103 Nuffield students had com­
pleted their first year in the sixth-form, 34 had completed two years.
61 of the 96 non-Nuffield students had completed their first year and 
33 had completed two years in the sixth-form. There were fewer boys 
(47) than girls (38) in the Nuffield schools but more boys (3&) than 
girls (40) in the non-Nuffield schools. This information is summarised 
below.
TABLE 123. COMPARISON OF NUFFIELD AND NON-NUFFIELD GROUPS.
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NUFFIELD NON-NUFFIELD
1st year 2nd year 1st year 2nd year Totals
BOYS 32 13 39 17 103
GIRLS 39 19 22 18 98
Totals 71 34 61 33 201
The age of the sixth-formers varied from school to school; some 
schools appeared to have a policy which encouraged children to enter the 
sixth-form at the age of 13+; the majority entered at I6+. The majority 
of sixth-formers were studying a combination of biology and other sciences: 
a minority combined this with non-science subjects.
8.13 Method of Analysis.
The main aim of the work with the school sample was to compare 
Nuffield and non-Nuffield students. Previous work with sixth-form groups 
(Sections 4.12 p.83 and 4.22 p. 105 ) suggested the attitude scores of 
girls and boys might differ on some parts of the scale. It was decided 
to concentrate on these two variables as the nature of the sample (Tables 
123, 124 and 123) did not allow analysis of the possible effect of 
either types of schools or the stage in education of the sixth-formers.
As the original purpose of the selection method (Section 8.11 p. 
200) had been to obtain random samples of students for comparison, it was 
decided to perform a two-way Analysis of Variance (comparing boys and 
girls, and Nuffield and non-Nuffield) on groups of 40 (the number of 
non-Nuffield girls) students, selecting the constitution of the other 
groups in a random way.
Thus numbers from 1 - 4 0  were allocated to the Nuffield boys and 
a table of random numbers was used to select 40 boys to form the test
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sample.
This procedure was repeated with the Nuffield girls and the 
non-Nuffield boys: no selection of non-Nuffield girls took place as 
they formed the smallest group of respondents.
A summary of data for these four groups is given in Appendix II 
13. This appendix shows the mean scores and standard deviations for 
parts A, B and C of the scale, together with similar information for 
parts A, B and C combined. It also shows that the Nuffield girls have 
higher mean scores than the Nuffield boys, and the non-Nuffield girls 
have higher mean scores than the non-Nuffield boys.
On parts B and C of the scale, the order of mean scores from 
highest to lowest is: Nuffield girls, non-Nuffield girls, Nuffield
boys and non-Nuffield boys. On part A of the scale the order is: 
Nuffield girls, non-Nuffield girls, non-Nuffield boys and Nuffield 
boys.
The two-way analysis of variance should indicate the differences 
which are significant.
8.16 Analysis of variance for school samples.
Calculations are given in Appendix II 16, A summary of the F 
ratios is given below.
The scores of variation are:
P = between Nuffield and non-Nuffield
Q = between sexes.
^ indicates an F value significant at the 3 per cent level.
TABLE 126. SUMMARY OF F RATIOS, NUFFIELD AND NON-NUFFIELD SCHOOLS.
F RATIOS
Source of Variation Part A Part B Part C Part A B C
P - 2.60 - -
Q 3.04"*" 2.34 3.04 4.02̂
P X Q 3.59 - - -
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This table shows two significant differences at the 3 per cent
level; between the mean scores of boys and girls on part A of the scale;
and between the meain scores of boys and girls on the combined parts of the
scale. It is likely that the latter difference resulted from the scores
on part A of the scale.
Standard errors for these mean scores are shown below.
TABLE 127. MEAN SCORES AND STANDARD ERRORS, PARTS A and ABC, BOYS AND
GIRLS





Girls 37.9 0-tO 137-0
Boys 3t- 0 0-60 132-0 l'7 t
There were no significaint differences between Nuffield and non- 
Nuffield schools.
8.2 Discussion of results: Nuffield and non-Nuffield comparisons.
The Nuffield courses are designed to encourage experimental 
work and scientific thinking: it has already been shown in two studies 
(Meyer, I969» Laughton and Wilkinson, I968;) that there are significant —  
differences in attitude scores between pupils taking 'O'level Nuffield 
science courses and those taking other courses. The Nuffield 'A' level 
courses are still being evaluated by the project’s teams: 
nothing has been published on the effect of these courses on the 
attitudes of the sixth-formers towards either the courses or science 
and scientists.
The Nuffield ’A ’ level biology course was designed for sixth 
form students having a variety of needs and to present biological 
science as an interesting and important subject relevant to both
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potential biologists and non-biologists. Unlike many school courses, 
the Nuffield A-level Biological Science Project was quite specific 
about both the objectives of their work (Nuffield, I969) and the 
abilities they were hoping to develop in the students. Amongst their 
objectives was: 'To introduce the student to a body of biological
knowledge through investigating living things and studying the work 
of scientists. In doing so, students consider the processes of 
research and the implications of biological science for society! 
(Nuffield, 1969, p.l). Amongst the abilities listed were:
'Analysing biological data and synthesising them into conclusions 
and principles'; 'Critical judgment of hypothetical statements in 
the light of their origin and application'; and 'Evaluating the 
implications of biological knowledge for human society'.
If these objectives and abilities are being attained in 
schools by teachers following these courses, one would expect different
wWtiirv
attitudes to science amongst these sixth-formers -whi-eh compared with 
sixth-formers who are following courses where the objective and 
abilities stated above do not form an important part of their work.
In addition, an attitude scale like the one developed would be 
expected to detect these differences.
This study found no significant differences between the mean 
scores of Nuffield and non-Nuffield biology students and between the 
mean scores of boys and girls, with the exception of scores on Part 
A of the scale where girls had higher scores than boys. (Appendix 
II 15).
Two alternative explanations are suggested:
i. both types of biology course are producting similar
attitudes to science in their students; "
ii. neither type of biology course is affecting the
attitudes tc science of their students.
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At the present time, the writer would tend to favour the 
second explanation: Roe (1933) has stressed the early disinterest
in personal relations; McClelland (I962) emphasises the early development 
of a strong interest in analysis; Hudson (I967) suggests that stereo­
types of scientists are formed at an early age; and Butcher (I969 b) 
asserts ’the picture of the "tough-minded" engineer or applied scientist 
is no more stereotype, but represents a pattern of interest and 
temperament formed early in life’. Butcher (19&9 a) also reports that 
amongst science students at Edinburgh University the average age at 
which they were attracted to science as a subjectwas 12-l4 years. Thus 
it seems likely that attitudes to science are developed before entry to 
the sixth-form and the writer suggests they may not be altered to a 
noticeable extent by differences in courses. This should not be taken 
to imply that newer developments in science teaching are not effective: 
they may well do more to arouse the interest of the sixth-former and 
provide better motivation for him (or her) to study science but they may 
do little to change his attitudes to science or scientists.
The original deduction should also be considered a tentative 
one as it is based on a sample which may not be representative of Nuffield 
and non-Nuffield biology students. Although an attempt was made 
(section 8.11) to select schools in a random way, the response from the 
schools suggests that many of the students who had studied biology in 
the sixth-form were not tested and there is no way of estimating the 
proportion of students of which this is true.
In other words, the absence of significant differences in 
attitude scores may indicate no differences in attitudes amongst the 
Nuffield and non-Nuffield biology students in this sample: but this 
conclusion may not apply to Nuffield and non-Nuffield students in 
general.
209.
Further attempts to compare Nuffield and non-Nuffield 
students must be made before more definite conclusions can be 
reached.
210.
CHAPTER 9* Conclusions to Part II.
9.1 Within the sample tested, the Fellows of the Royal Society and 
the scientists had higher attitude scores on parts A and C of the scale 
than the postgraduate scientists; the differences in mean scores on 
part A of the scale were significant at the 1 per cent level: and the
differences in mean scores on part C of the scale were significant at 
the 5 per cent level. The Fellows also had higher attitude scores than 
the scientists on part A of the scale: this difference in mean scores
was significant at the 3 per cent level.
There were no significant differences in attitude scores 
between the biologists, chemists and physicists within each group.
9.2 There were significant differences in attitude scores between 
the two groups of sociology undergraduates tested: the second year 
students had lower mean scores than the first year students on parts 
A and C of the scale; the difference in mean scores on part A of the 
scale was significant at the 3 per cent while the difference on part C 
was significant at the 1 per cent level.
9.3 There were significant differences in attitude scores between 
the undergraduates and the social scientists who were tested. The 
social scientists had higher socres than both undergraduate groups
on part A of the scale and higher scores than the second year students 
on part C of the scale: these differences in mean scores were
significant at the 1 per cent level.
9.4 The validity of the scale is confirmed by the conclusions
list above: scientists with research experience gain higher attitude
scores than scientists with no research experience.
9.3 The validity of the scale is also confirmed by the responses of
the biology tutors to the individual items in the scale: the biology
tutors disagreed with the judgment of the investigator on four items 
only.
211.
9.6 Within the sample tested, there were no significant differences 
in attitude scores between the Nuffield and the non-Nuffield students 
studying biology in the sixth-form. There was a significant difference 
(at the 3 per cent level) in mean scores between boys and girls on part 
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Appendix I 1
List of items with source and kind of statement.
P = favourable statement (scored 5 for ’strongly
agree)
UP = unfavourable statement (scored 5 for ’strongly
disagree)
The order of items in this appendix is the same as the 
order on the original questionnaire which is not included 
because of the difference in size of the questionnaire
(foolscap) and the thesis (A4).
1. Science is the imaginative Topping. P
interpretation of the universe.
2. The amount of science of which an 
individual scientist is IGNORANT 
is only slightly less than that of
which the non-scientist is ignorant. Essay. P
3. Man is essentially ’a scientist’: 
he is in the predicting business: 
he is perpetually seeking to try 
and guess what happens next by 
construing and reconstruing his
universe. Kelly. P
4. There are scientific people and 
literary people and there is
mutual incomprehension. Essay. UP
5. Humility is not a state of mind 
condusive to the advancement of
learning. Medawar P
6. We found that the theory did not 
fit the facts, because this is




We know that the experience of 
scientific discovery is a good 
and beautiful experience.
The formulation of a hypothesis 
is - let us say a guess; is 
inspirational in nature. ,
9. In physics we try to say things 
that no one knew before in a 
way that everyone can understand
10. There is no such thing as un­
prejudiced observations: every 
act of observation we make is 
biased.
11. Science is the greatest of all 
the works of Man.
12. It is not possible to study 
human beings scientifically.
13. There is no agreed description 
or explanation of what 
constitutes scientific method.
14. Science is a fixed and clearly 
defined body of knowledge.
15. The basic moral rule of a scien­
tific society is simple: mutual 
respect; intellectual honesty, 
and good will.
16. No great discovery is made 
without a bold guess.
17. Science proceeds by building up 
general statements or laws from 
the evidence of observations.
18. I thank God I was not made a 


















important of my discoveries have 
been suggested to me by my failures.
19. The important advances in science 
are made by a few outstanding men.
20. One word characterises the most 
strenuous efforts for the advancement 
of science that I have made persever- 
ingly during fifty five years; that 
word is failure,
21. Science proceeds by the rapid alter­
nation of imaginative and critical 
processes.
22. In physical sciences the discovery
of new facts is open to any blockhead 
with patience and manual dexterity 
and acute senses.
25. The cold dispassionate scientist is 
a 'mythical* creature.
24. He who has once in his life 
experienced this joy of scientific 
creation will never forget it.
25. Scientists deal with facts not 
human beings.
26. Most of the knowledge and much of 
the genius of the research worker 
lie behind his selection of what is 
worth observing.
27. Mankind doesn't stand a chance to 
last very long since science keeps 
figuring out new ways to kill more 
and more people.
28. Scientists never deal with facts.
29. Scientists cannot make up their minds. 


















30. Humans are the centre of science.
31. When you can measure what you are 
speaking about and express it in 
numbers, you know something about 
it; and when you cannot measure it, 
your knowledge is of meagre and un­
satisfactory kind.
32. Pacts are the 'bricks' of 
scientific advance.
33. If science is to be objective, it 
must rest on a minimum of personal 
interpretation and be on a basis on 
which all men can agree.
34. There is a large element of faith 
in science.
35. Scientists are not like other people.
36. Pacts depend upon the preconceptions 
of each individual.
37. The criterion of a scientific theory 
is its fruitfulness in practice.
38. In science the 'proof' of a theory 
is never complete.
39. Man invents a scientific system and 
then discovers whether of not it 
accords with observed fact.
40. We have no right to assume that any 
physical laws exist, or if they 
have existed up to now, that they 
will continue to exist in a 
similar manner in the future.
41. It is when experiments go wrong 




















42. What is observed depends upon who
Appendix I I
is looking.
43. The really valuable factor in science 
is intuition.
44. Chemistry is fascinating and exciting.
45. Science is boring.
46. Personal judgment has no place in 
science.
47. The majority of discoveries in 
biology and medicine have been made 
unexpectedly.
48. The Scientific Method is the 
philosophy of proving something true 
by experiment and of establishing 
facts which occur in given situations.
49. With accurate experiment and obser­
vation to work upon, imagination 
becomes the architect of physical 
theory.
50. Logic has very little to do with 
discovery or invention.
51. Science has the safeguard of dis­
proof by the testing of hypotheses 
by experiment.
52. In science the primary duty of ideas 
is to be useful and interesting even 
more than to be 'true*.
53. Personal opinion has no place in 
science.
54. Scientific investigation is an art, 
not a science.




















56. Biology is easy to remember.
57. Men who have excessive faith in their 
theories or ideas are not only ill- 
prepared for making discoveries; 
they also make poor observations.
58. Scientific Method is a way of 
looking at things objectively.
59. For a scientist, memory is more 
important than intelligence.
60. I would much rather listen to music 
than work at science.
61. Scientists learn more and more 
about less and less.
62. The study of science is far less 
important than any other subject.
65. I am put off science by the danger 
of explosions.
64. Science is just learning equations.
65. Scientists have to be more 
dedicated to their work than other 
people.
66. One of the most important parts of 
a scientist’s work is to communi­
cate his ideas to other scientists.
67. Scientists.are a nuisance.
68. The Scientific Method is to 
formulate experimental laws by 
theory and to prove them by 
experiment.
69. Work is boring.
70. Scientists have proved that God 
does not exist.





























71. Scientists are more intelligent than
other people. Essay UP
72. Most scientific research consists of
minute concern with trivia. Essay UP
73. There is no incompatibility between
science and religion. Essay P
74. Scientific Method is a logical 
progression from rule to rule, often
at first following illogical means. Bassey UP
75. Scientists are squares. Essay. UP
76. Only scientists can understand other 
scientists. Essay. UP
77. Science contains a ’built-in* safe­
guard against human fallibility. Bondi P
78. Most scientific books and articles
are incomprehensible. Essay. UP
79. Science contains the technique of 
disproof by experiment and
observations Bondi P
80. Science is too difficult for women. Essay UP
81. One cannot be a scientist and believe
in religion at the same time. Essay UP
82. I prefer talking to people to
fiddling with things in the laboratory.Essay UP
83. A scientist must communicate his
ideas with non-scientists. Essay P
84. I studied science in order to pass
my exam rather than because I liked it.Essay UP
85. A science degree assures one of a
good job. Essay UP
86. Women scientists are less feminine




87. Psychology is not a science. Essay UP
88. Scientists are more likely to be
socialists than other graduates. Essay UP
89. 'Spare the rod and spoil the child' 
is a maxim too often ignored these 
days.
90. Sociology is responsible for the
moral decadence of the young. Essay UP
91. Laziness in school must be punished. Essay UP
92. Children must be interested before
they cai]|learn. Essay P
93. Negroes are innately inferior to 
white people.




Instructions given to original samples when completing 
the original questionnaire.
Below are given 100 statements which represent widely- 
held opinions on science and scientists, selected from 
speeches, books, newspapers, and other sources. They 
were chosen in such a way that most people are likely to 
agree with some, and to disagree with others.
After each statement, you are requested to record your 
personal opinion regarding it. You should use the 
following system of marking:
+ + if you strongly agree with the statement.
+ if you agree on the whole
o if you can't decide for or against, or
if you think the question is worded in 
such a way that you cannot give an answer 
if you disagree on the whole 
- - if you strongly disagree
Please answer frankly. Remember this is not a test; 
there are no 'right' or 'wrong' answers. The answer 
required is your own personal opinion. Be sure not to 
omit any questions.
Do not consult any other person while you are giving 
your answers.
Appendix I 3 
Instructions to those administering Questionnaire
Introduction:
'Teachers for many years have been talking quite 
glibly about the mental differences (whatever 
that means) of students in the Science Sixth 
compared with those in the Arts Sixth. They 
have also said that 'scientists' in the sixth 
form have an entirely different set of attitudes 
to the 'arts' student in the sixth form. Very 
few people or teachers have tried to find out 
what these differences are (or even if they 
exist).
This questionnaire is the beginning of an attempt 
to see what differences (if any) in attitudes 
towards science exist amongst sixth-formers. The 
questionnaire is being tried out in two large 
grammar schools initially and will then be used 
in a variety of secondary schools.
THEN give out the questionnaire but ask them not to start 
completing the questionnaire until you have read through 
the introductory paragraph with them.
AT THIS STAGE, try to emphasise:
a) the method of responding,
b) the paragraph beginning 'Please answer frankly ..'
c) the final sentence 'Do not consult ....' etc.
d) the anonymity of the whole process,
i.e. the staff are not involved in trying to
find out how they've answered the 
questionnaire; the 'research worker' is 
interested in the responses of the 
groups NOT individuals.
THEN ask them to complete the questionnaire.
Appendix I 3
Suggest that each item should be 'done* quite 
quickly as the questionnaire is intended to reflect 
their personal opinions of the statements: NOT their
knowledge of science and scientists.
FINALLY ask them to complete the personal information 
at the end





































Frequency of response to all items, schools A and B
pFrom this table, fx and fx can be calculated for each 
















Item No. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
1 0 6 2 8 2 0 4 3 9 2 2 11 6 19 6 1 7 71910
2 1 6 0 7 4 0 3 3 9 3 5 519 9 6 0 11 6 18 9
3 3 11 1 1 2 1 U 3 2 1 727 3 5 2 522 7 5 5
4 2 4 0 7 5 0 3 1 12 2 7 m- 6 13 4- 5 11 4 18 6
5 3 1 4 7 3 3 6 5 4 0 7 7 12 13 5 5 1810 6 5
6 7 9 1 1 0 2 6 6 3 1 9 21 6 3 5 4 228 7 3
7 4 11 2 1 0 2 9 2 4 1 9 21+8 2 1 2 15 13 8 6
8 0 13 2 2 1 0 6 5 7 0 2 25 7 7 3 0 9 18 14 3
9 1 7  5 5 0 0 6 1 8 3 3D 10 9 12 3 2 H 6 16 9
10 6 10 0 2 0 6 4 1 6 1 10 22 1 8 3 9 23 2 5 5
11 3 3 2 7 3 0 8 2 3 5 6 7 10 8 13 4 8 5 1611
12 5 8 1 2 2 4 5 2 6 1 l4l5 6 5 4 4 17 3 11 9
13 1 9 4 4 0 2 8 7 1 0 5 20 6 13 0 11918 5 1
1^ 6 7 2 2 1 6 9 0 1 2 2416 1 3 0 10 23 2 8 1
1? 1 10 5 1 1 2 3 5 6 2 6 20 8 4 6 2 10 15 11 6
16 1 7 3 7 0 0 11 0 4 3 9 2D 2 10 3 5 17 7 12 3
17 0 0 0 14 4 0 0 112 5 1 1 0 2517 0 2 1 2417
18 2 9 6 1 0 1 6 9 2 0 111815 0 0 4 13 2D 5 2
19 5 8 0 5 0 1 7 0 8 2 19 15 2 7 1 8 18 0 11 7
20 1 6 8 2 1 0 3 5 8 2 7 13 14 6 4 2 12 16 8 6
21 1 15 2 0 0 0 8 3 6 1 9 2310 2 0 4 12 8 17 3
22 1 10 4 3 0 5 5 2 5 1 4 20 4 14 2 9 14 7 13 1
23 2 9 3 4 0 0 4 2 7 3 9 18 6 7 4 6 8 8 17 5
24 9 7 2 0 0 3 10 4 1 0 22 15 6 1 0 7 21 8 6 2
25 4 12 0 2 0 3 5 1 3 5 11205 6 2 4 7 3 17 3
26 3 12 0 3 0 0 9 3 6 0 9 25 3 6 1 3 26 7 6 2
27 ^ 5  0 1 0 6 5 1 3 3 21 11 0 9 3 16 7 1 9 11
28 1 0  0 6 11 0 1 1 7 9 1 2 3 14 24 0 0 1 18 25
29 1 6  3 5 3 0 5 1 10 2 7 16 7 7 7 3 15 9 12 5
30 5 4 4 3 2 2 H 1 3 1 5 1712 2 8 3 21 9 5 6















Item No. 5 4 3 2 1 5 ^ 3 2 1 5 4 3 2 1 5 4 3 2 1
31 5 7 2 4 0 3 7 5 3 0 1817 5 4 0 16 10 10 8 0
32 0 2 0 15 1 0 2 0 13 3 2 8 4 23 7 0 2 1 30 11
33 1 3 2 10 2 0 3 4 10 1 2 9 9159 0 6 9 20 6
3^ 2 7 4. 3 2 1 8 3 5 1 8 24 4 6 2 4 17 6 14 3
35 9 9 0 0 0 2 11 1 2 2 æt2 5 3 2 11 19 7 6 1
36 0 5 4 8 1 0 2 7 9 0 2 18 8 13 3 2 12 11 17 2
37 ^ 9 3 2 0 3 6 4 5 0 3 29 5 6 1 4 20 13 6 1
38 2 10 3 3 0 2 8 0 7 1 15210 8 0 7 15 7 11 ^
39 1 9 5 2 1 0 8 4 5 1 1 23 8 11 1 2 14 8 16 4
40 1 8 0 7 2 0 5 5 7 1 9 126 11 6 61211 7 8
41 112 4 1 0 1 12 2 1 2 13 23 ̂  3 1 2 26 4 10 1
42 3 12 1 2 0 4 9 2 2 1 12293 0 0 1417 3 9 1
^3 1 13 1 3 0 0 6 5 6 1 3 20 6 13 2 2 16 7 17 2
44 4 9 2 1 2 0 6 1 5 6 9 22 6 7 0 2 10 9 12 11
45 10 7 1 0 0 4 6 2 4 2 2414 4 1 1 5 4  31012
46 2 12 1 3 0 2 12 0 3 1 18230 3 0 4 19 4 15 2
47 1 11 2 4 0 0 9 4 5 0 6 10 13 13 2 1 8 19 12 4
48 0 1 3 13 1 0 1 4 11 2 0 2 9 276 0 2 9 :%) 8
49 2 9 4 3 0 0 6 8 4 0 4333 4 0 115 817 3
50 0 2 1 11 4 0 2 0 14 2 2 3 3 22 14 1 2 42512
51 3 13 1 1 0 0 9 7 2 0 2308 3 1 8 25 8 2 1
52 0 5 3 5 5 0 2 1 9 5 0 12 5 1215 0 7 4 2210
53 1 13 1 3 0 2 10 0 5 1 1518 4 5 2 6 14 2 18 4
5^ 1 9 5 3 0 0 3 5 7 3 4 10 15 12 3 2 8 6 18 10
55 4 10 1 3 0 2 9 ^ 3 0 21193 1 0 8 206 7 3
56 2 8 5 3 0 4 6 5 3 0 6 9 14 141 11 10 18 14 1
57 3 10 1 3 1 2 6 3 6 1 13 18 4 5 ^ it 10 6 13 4
58 0 1 312 2 0 4 5 9 0 0 7 5 26 6 0 3 1 31 2
59 7 10 1 0 0 4 8 3 2 1 12 20 10 2 0 10 15 12 5 2
60 4 5 4 4 1 1 2 3 9 3 4 9 1411 6 1 1 7 1520
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Item No. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 1 + 3 2 1
61 4 5 2 6 1 3 6 3 6 0 10 1411 8 1 1+ 19 6 12 3
62 ^ 6  0 0 0 7 8 2 0 1 31 11 1 1 0 13 221+ 1+ 1
63 # 7  0 1 0 9 7 1 0 1 36 4 4 0 0 2)18 2 3 1
64 ^ 6  0 0 0 9 8 0 1 0 41 3 0 0 0 18 19 1 51
65 7 5 0 2 4 4 4 1 7 2 1211+ 510 3 10 10 2 11+ 8
66 2 14 0 2 0 2 11 2 2 1 13 26 2 3 0 10 23 5 5 1
67 ^ 2  0 0 0 8 7 2 1 0 5 9 0 0 0 12196 5 2
68 1 3  0 9 5 0 2 4 10 2 0 2 6 26 9 0 4 32910
69 8 10 0 0 0 4 Tl 1 1 1 2)30 1+ 0 0 13 11+ 10 6 1
70 12 13 1 1 1 8 6 2 1 1 2611 2 3 0 21 11+ 5 2 2
71 8 7 2 1 0 8 6 1 3 0 2) 17 1+ 3 0 21 13 5 2 3
72 5 9 2 1 1 0 5 2 10 1 16 15 8 5 0 1+ 15 11 12 2
73 2 5 4 5 2 1 4 5 7 1 7 12 9 11 5 1+ 12 9 13 6
74 0 4 4 10 0 0 6 6 6 0 0 91519 1 2 10 16 15 1
75 13 5 0 0 0 4 9 4 1 0 33 6 2 1 0 5 21 5 6 7
76 3 9 0 5 1 1 6 0 10 1 8 25 2 9 0 1 16 5 16 7
77 0 4 1 11 2 0 3 1 12 2 1 6 13 18 6 0 715157
78 5 10 2 1 0 2 8 1 6 1 5 22 5 10 2 3 9 2 23 7
79 1 17 0 0 0 1 7 6 3 0 1+29 8 1 2 2 28 9 2 3
80 ^ 3  0 0 0 8 6 2 2 0 33 11 0 0 0 2016 5 2 1
81 7 10 1 0 0 4 9 0 3 2 30 7 3 i- 0 16 18 2 1+ 1+
82 4 6 3 5 0 1 3 3 8 3 3 714- 12 2 1 5 6 16 16
83 0 2 0 10 6 0 3 1 8 6 20 2) 1 3 0 9 19 5 11 0
84 0 0 3 11 4 3 6 3 4 2 12 19 3 9 1 4 7 7 14 12
85 0 12 2 3 1 3 8 2 4 1 2 5 11 21 5 1 5 6 18 4
86 0 0 1 6 11 0 9 2 4 2 21+13 1+ 2 1 7 18 8 7 1+
87 1 2 2 12 1 1 2 4 9 2 17187 2 0 5 188 8 5
88 1 6  8 3 0 1 10 6 1 0 0 5 10 16 13 2 1+11 18 9
89 0 7 4 4 3 0 9 1 5 3 1310 9 11 1 10 11 8 12 3
90 0 1 2 9 6 0 1 4 9 4 19 15 8 3 0 1512 11 6 0
91 0 8 7 3 0 0 9 1 5 3 7 18 5 10 1+ 9 13 3 16 3
92 0 2 0 6 10 0 0 0 9 9 21+:1B 0 2 0 28 13 0 3 0
93 0 1 0 0 17 2 3 1 4 8 35 7 1 1 0 25 11 1+ 3 1
94 4 9 1 4 0 3 7 4 4 0 0 8 81711 0 10 5 13 6
Appendix I
Frequency of response to all items. 1967 and 1968
postgraduates
9From this taole, fx and fx'" can be calculated for each 
item and used in item analysis by t-testing,using 
Formula A, p.66.
1967 ■ PG 1968 PG
High Scor- Low Scor­ High Scor- Low Scor­
ing Group. ing Group. ing Group. ing Group.
Item No. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
1 0 5 3 5 1 0 2 1 9 2 I N 0 4 0 2 5 2 5 2
2 1 7 0 5 i_ 3 3 3 4 4 8 1 3 0 1 4 3 7 1
010 3 0 1 1 7 c 5 1 4 9 1 2 0 2 6 3 4 1
4 7 2 3 2 0 1 4 1 4 4 6 8 1 1 0 1 6 5 4 2
5 0 4 2 3 5 0 5 4 3 2 1 3 2 b 4 0 3 3 6 4
6 3 b 4 1 0 1 6 4 3 0 4 7 2 3 0 0 4 -> 9 C
7 5 4 5 c c 2 6 5 0 ]_ 5 5 3 3 0 0 8 4 4 0
8. 0 « 4 2 0 1 8 % 4 0 2 7 2 5 0 0 9 3 2 2
9 0 3 3 b 2 0 3 4 5 2 1 5 2 4 4 1 3 4 5 3
10 5 5 2 2 0 3 b 1 3 1 5 9 1 1 0 I D 2 0 2
11 0 2 4 6 2 0 3 2 3 6 1 4 3 7 1 0 2 5 5 4
12 6 4+1 3 0 2 7 3 2 0 2 D 1 3 0 2 8 1 4 1
13 2 5 2 5 0 0 4 5 5 0 2 6 5 2 1 0 8 4 2 2
14 7 6 0 1 0 111 2 0 0 12 3 0 1 0 2 8 0 5 1
15 1 8 3 1 1 0 6 3 3 2 1 8 5 1 1 2 7 6 1 0
16 2 5 1 4 2 1 7 1 3 2 4 6 2 2 2 1 5 1 8 1
17 1 1 2 8 2 0 1 2IL 0 0 1 212 1 0 0 1 14 1
18 2 4 7 0 1 1 4 7 2 0 2 9 3 2 0 0 7 8 1 0
19 2 9 1 2 0 2 2 1 6 3 1 7 3 4 1 010 4 1 1
20 0 7 4 2 1 0 6 7 1 0 1 4 6 5 0 0 6 7 3 0
21 2 9 3 0 0 I D 3 0 0 6 9 1 0 0 1 7 6 2 0
22 2 6 2 4 0 4 6 2 2 0 1 9 2 4 0 1 5 3 7 0
23 2 6 1 4 1 Q 3 4 6 1 3 5 4 3 1 0 6 1 8 1
24 3 7 4 0 0 1 7 5 0 1 3 D 2 1 0 0 5 8 3 0
25 6 4 3 0 1 0 6 3 4 1 3 9 2 1 1 0 3 2 D 1
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Frequency of response to all items, 1967 and 1968
postgraduates









Item No. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 9 ^ 3 2 1
26 1 6 2 2 2 110 2 1 0 4 8 3 1 0 2 11 0 2 1
27 5 5 0 4 0 1 7 2 0 4 9 4 2 1 0 0 5 ^ 2
28 0 0 2 3 9 0 0 1 9 4 0 1 2 6 7 0 0 1 7 8
29 1 3 3 5 2 1 5 0 7 1 2 7 3 4 0 0 6 5 3 2
30 3 8 2 1 0 2 3 5 1 3 1 8 4 3 0
.
1 4 5 6 0
31 8 5 0 1 0 4 5 2 3 0 3 7 3 2 1 2 7 3 3 1
32 0 2 1 ]D 1 0 3 110 0 0 5 1 8 2 1 1 1 12 1
33 1 3 3 6 1 0 3 4 7 0 0 4 5 6 1 0 2 3 11 0
3^ 0 8 2 4 0 0 4 6 4 0 4 6 1 5  0 0 9 6 1 0
35 8 4 1 0  1 3 5 3 3 0 9 4 2 1 0 3 8 2 3 0
36 0 6 1 6 1 0 5 4 4 1 0 7 4 3 2 1 3 4 8 0
37 2 5 4 3 0 2 3 4 4 1 1 9 3 2 1 2 7 2 5 0
38 6 6 0 2 0 0 5 6 3 0 510 0 1 0 0 9 4 3 0
39 0 1 0  2 1 0 3 6 4 0 1 10 2 3 0 1 6 4 5 0
40 3 7 3 1 0 0 4 2 8 0 3 6 1 6 0 1 4 4 5 2
41 2 6 1 4  1 0 7 4 3 0 0 10 2 4 0 0 10 5 1 0
42 8 5 1 0  0 4 8 2 0 0 6 7 1 2 0 3 9 3 1 0
^3 0 7 4 3 0 0 7 4 2 1 3 8 3 2 0 0 7 7 2 0
44 2 8 2 1 1 0 5 4 1 4 3 8 2 1 2 0 3 7 3 3
45 9 5 0 0 c 3 5 3 2 1 12 2 1 1 0 0 8 5 3 0
46 5 8 1 0 0 2 8 1 3 0 5 n 0 0 0 2 6 5 2 1
47 0 3 6 5 0 0 3 7 4 0 1 3 10 1 1 0 110 4 1
48 0 1 3 10 0 0 1 4 9 0 0 1 510 0 1 1 4  9 1
^9 1 10 3 0 0 1 5 5 3 0 2 9 4 1 0 0 7 7 2 0
50 2 2 0 7 3 0 2 110 1 0 5 2 7 2 0 2 2 8 4
51 1 8  4 0 1 0 8 2 3 1 3 8 3 2 0 1 11 4 0 0
52 0 5 3 3 3 0 5 4 4 1 2 1 3 5 5 0 4 3 8 1
53 4 7 2 1 0 1 6 3 4 0 210 0 3 1 1 7 5 3 0
54 0 4 8 1 1 0 2 4 6 2 0 6 6 3 1 0 2 3 8 3
55 3 9 2 0 0 0 3 5 5 1 2 12 1 1 0 ______________ 1 5 2 7 1
Appendix I
Frequency of response to all items, 1967 and 1968
postgraduates
1967 PG 1968 PG
High Scor- Low Scor-
Item No.I ing Group
? 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 ^ 3 2 1
56 2 4 6 2 0 2 4 3 5 0 1 5 9 0 1 2 7 4 3 0
57 5 7 2 0 0 1 6 1 5 1 4 8 3 1 0 0 6 3 6 1
1 2 2 8 1 0 2 012 0 0 1 213 0 0 0 510 1
59 4 8 1 1 0 2 8 2 1 1 3 10 3 0 0 113 2 0 0
60 1 2 6 4 1 0 3 2 3 6 1 7 5 3 0 0 3 4 8 1
6l 2 2 2 4 4 1 3 4 3 3 3 1 4 5 3 0 4 2 8 2
62 6 7 0 0 1 7 7 0 0 0 8 4 2 2 0 4 7 5 0 0
63 6 7 1 0 0 7 ) 1 1 0 7 4 5 0 0 1 9 5 1 0
6̂ - r. 11 3 0 0 0 6 4 2 2 0 10 6 0 0 0 6 8 2 0 0
65 9 5 0 0 0 5 4 1 4 0 5 8 1 2 0 3 7 3 2 1
66 3 9 1 0 1 3 9 1 1 0 6 8 0 1 1 1 14 1 0 0
67 12 2 0 0 0 4 4 4 2 0 8 6 2 0 0 3 9 3 1 0
68 2 3 4 5 0 0 0 5 9 GQ 1 3 0 10 2 1 3 3 7 2
69 8 3 3 0 0 1 8 5 0 0 2 7 3 3 1 2 7 7 0 0
70 10 2 2 0 0 5 6 1 0 2 13 3 0 0 0 6 9 1 0 0
71 9 4 1 0 0 6 3 2 3 0 7 5 4 0 0 7 7 1 0 1
72 3 8 2 1 0 1 6 3 4 0 3 7 1 5 0 2 5 2 7 0
73 3 5 0 4 2 1 6 1 5 1 8 4 1 3 0 0 6 5 4 1
7^ 0 6 5 3 0 0 2 7 5 0 0 6 2 8 0 0 2 8 5 1
75 ) 6 2 1 0 1 6 5 2 0 6 6 3 1 0 2 9 4 1 0
76 5 7 2 0 0 0 7 2 4 1 1 9 0 5 1 2 7 3 4 0
77 0 2 0 8 4 0 2 5 6 1 0 4 2 6 4 0 1 5 7 3
78 3 7 3 1 0 1 7 3 3 0 0 10 2 3 1 2 5 4 4 1
79 1 n 2 0 0 0 6 6 2 0 1 11 2 2 0 0 7 7 2 0
80 10 4 0 0 0 3 7 2 1 1 14 2 0 0 0 6 6 3 1 0
81 7 6 0 1 0 5 7 0 0 2 13 3 0 0 0 7 7 0 2 0
82 0 2 7 4 1 2 4 2 5 1 1 7 6 2 0 0 1 5 V 0
83 4 7 2 1 0 4 5 2 3 0 5 8 2 1 0 2 6 3 5 0
84- 2 8 2 2 0 2 4 1 7 0 411 1 0 0 1 7 7 1 0
85 4 3 3 4 0 1 3 4 6 0 5 5 3 3 0 3 3 9 1 0
High Scor- Low Scor-
Appendix I 5"
Frequency of response to all items, 1967 and 1968
postgraduates.













Item No, 5 4- 3 2 1 5 3 2 1 5 4- 3 2 1 5 4 3 2 1
86 8 4- 1 1 0 1 6 0 3 4 8 7 0 1 0 2 11 1 2 0
87 3 7 1 2 1 1 6 3 4- 0 3 7 5 1 0 1 7 6 2 0
88 1 0 5 2 6 1 1 3 6 3 0 2 ^10 0 0 2 2 8 4
89 4- 4 1 3 2 1 2 7 2 2 1 7 3 3 2 1 4- 3 7 1
90 11 2 1 0 0 4. 5 2 3 0 4 9 3 0 0 4 7 2 3 0
91 4- 5 5 0 0 0 8 2 2 2 2 4- 6 4 0 1 8 4 3 0
92 8 4- 0 2 0 3 7 0 2 0 12 2 0 2 0 7 7 1 1 0
93 9 4- 1 0 0 6 6 1 1 0 15 2 0 0 0 9 5 0 2 0
94- 0 1 5 2 6 1 2 2 6 3 0 4 1 9 2 1 2 4 7 2
Appendix I 6
DIFFERENCES BETWEEN TOTAL SCORES OF HIGH AND LOW
Item School A School B 1967 PG 1968 PG Category
No. N/4 = 18 V 4 = 44 ^ 4 = 14 N/4= 16 of item.
1 3 R 14 R 9 R 9 R A
2 5 R 19 R 8 16 B
3 3 15 6 10 F
4 4 R 16 20 14 D
5 -14 -14 -7 2 R C
6 17 9 6 17 F
7 11 43 6 8 F
8 10 27 5 3 E
9 12 31 -1 R 1 R B
10 12 2 6 9 F
11 1 7 R 4 R 8 R A
12 7 34 4 5 F
13 -4 3 5 4 D
14 -1 28 6 21 D
15 12 25 8 -3 E
16 1 13 -1 11 D
17 0 R 0 R 1 R 3 R A
18 6 28 2 5 F
19 16 35 17 -4 D
20 13 17 -2 -2 E
21 17 42 1 14 F
22 1 -7 -6 7 C
23 14 28 9 10 F
24 10 33 6 13 F
25 22 60 14 21 F
26 12 13 -12 4 D
27 20 30 10 24 F
28 -2 R 10 R -4 R 4 R A
29 6 R 10 -2 R 8 D




School A School B 1967 PG 1968 PG Category
31 3 15 10 0 F
32 2 R 25 R -3 R 3 A
33 0 R 0 1 R 5 R A
34 1 25 4 1 F
35 18 'îk 16 10 10 F
36 2 R 8 -1 3 C
37 8 7 5 1 F
38 8 33 14 13 F
39 6 18 11 6 F
40 3 6 16 9 E
41 4 25 0 -3 D
42 3 19 5 3 F
43 14 10 1 11 F
44 23 53 13 15 F
45 21 69 16 20 F
46 48 48 9 15 F
47 5 15 -1 R 7 D
48 0 R 2 R -1 R -1 R C
49 8 43 8 7 F
50 -1 R 2 R 3 R 8 R A
51 11 -8 5 -1 C
52 5 R 3 R -3 R -4 R A
53 5 39 10 3 F
54 18 26 R 9 13 D
55 5 37 19 17 E
56 -2 -11 3 -3 C
57 9 20 16 17 E
58 -10 -1 R 4 R 0 R C
59 12 16 6 1 F
60 18 46 R 10 R 13
61 -1 15 -2 R 4 R B
62 8 30 -4 3 D
63 3 23 1 8 F




School A School B 1967 PG 1968 PG Category
65 8 22 13 7 P
66 5 13 -1 1 D
67 12 45 16 8 P
68 -2 R 3 R 11 -3 R C
69 10 28 9 -5 D
70 11 14 10 8 P
71 3 7 10 0 P
72 23 35 9 6 P
75 3 10 2 17 P
74 -2 -9 R 6 3 R C
75 15 62 9 5 P
76 12 41 16 -3 D
77 2 0 -8 2 C
78 15 40 6 2 E
79 16 8 9 6 P
80 13 25 14 13 P
81 14 25 6 10 P
82 18 32 -5 16 C
85 -3 31 4 12 D
84 -23 55 9 11 D
85 , -1 17 R 8 4 C
86 -31 40 22 9 D
87 -1 R 40 5 5 D
88 -7 -9 R -3 R 6 R C
89 -1 10 7 5 D
90 -4 R 17 14 5 D
91 7 5 11 -3 D
92 3 -2 13 4 D
93 -20 20 5 10 D
94 4 4 R 4 R -2 R A
Appendix I 7
Items discriminating between high and low-scoring groups
of a) Postgraduates and b) Sixth-formers(Part A of scale)
a) POSTGRADUATES.
Item % SŜ - SSr
SSi+SSg
n(n - 1} 11
y i i
iii
i f iii : 
t or OR
- 24 3.93 3.3 0.65 20.5 15.87 0.042 0.20 3.15
- 25 3.87 2.7 1.17 28.5 35.47 0.073 0.27 4.33
- 27 4.07 2.93 1.14 40.15 35.87 0.087 0.50 3.80
- 38 4.17 3.27 0.90 17.87 57.85 0.087 0.50 3.00
- 44 3.6 2.67 0.93 36.67 39.2 0.087 0.50 3.10
- 45 4.6 3.4 1.3 15.2 29.2 0.051 0.25 5.22
- 46 4.3 3.5 0.8 31.5 8.3 0.046 0.21 3.81
- 54 3.07 2.33 0.74 24.67 21.87 0.053 0.25 5.22
- 55 4.0 2.8 1.2 50.8 12.0 0.049 0.22 5.45
- 60 3.13 2.37 0.76 32.97 27.47 0.069 0.26 2.92
- 67 4.6 3.8 0.8 24.8 11.2 0.041 0.20 4.00
- 80 4.8 3.9 0.9 30.7 4.8 0.041 0.20 4.50
14 4.5 3.6 0.9 29.2 19.5 0.056 0.24 3.75
b) SIXTH-PORIvŒRS ,
- 24 4.34 3.65 0.69 60.19 36.89 0.026 0.16 4.31
25 3.81 2.48 1.33 119.48 67.68 0.049 0.22 6.05
- 27 4.06 3.26 0.8 163.87 99.74 0.070 0.26 3.08
38 3.87 3.21 0.66 94.27 62.97 0.042 0.20 3.30
44 3.73 2.5 1.25 93.50 66.54 0.042 0.21 5.86
45 4.39 2.94 1.45 125.74 42.71 0.045 0.21 6.91
46 4.11 3.31 0.8 79.18 44.21 0.033 0.18 4.44
- 54 3.13 2.42 0.71 75.1 65.0 0.037 0.19 3.74
55 4.21 3.53 0.68 73.44 42.27 0.051 0.18 3.78
- 60 3.02 1.98 1.04 62.98 88.98 0.040 0.20 5.20
67 4.8 3.9 0.9 69.42 9.05 0.021 0.14 6.43
80 4.77 4.1 0.77 58.59 10.84 0.018 0.14 5.5
- 14 4.39 3.75 0.64 50.25 30.45 0.021 0.15 4.27
Appendix I 7
Items discriminating between high and low-scoring groups
of postgraduates only. (Part B of scale)
Item % (Xg-X^)
i
SS^ SS^ 881+88% jii
n(n - 1) ii iii
i - iii = 
t or OR
- 2 3.5 2.7 0.8 42.5 39.5 0.094 0.51 2.58
4 4.1 2.97 1.13 36.97 28.7 0.075 0.27 4.19
- 6 3.76 3.0 0.73 44.0 27.37 0.082 0.29 2.62or65
40 3.6 2.76 0.84 31.37 33.2 0.074 0.27 3.11
51 4.07 2.97 1.1 34.97 17.87 0.061 0.25 4.4
- 70 4.7 4.1 0.6 26.7 8.3 0.040 0.20 3.0
- 39 4.4 3.3 1.1 46.67 20.97 0.078 0.28 3.9
86 3.53 2.97 0.56 21.0 16.0 0.040 0.21 2.71
- 84 3.96 3.30 0.66 28.0 17.0 0.052 0.25 2.9
Other items. (Part D of scale)
10 Included for reasons shown in Table 26 
1
30 Included for reasons shown in Table 26 
37
43 Included for reasons shown in Table 26 
42 " ” " M




Items discriminating between high and low-scoring








i -r i 
t or
- 7 3.9 3.1 0.8 80.0 44.0 0.030 0.18 4.59
- 8 3.40 2.81 0.59 44.0 61.0 0.028 0.17 3.5
9 3.3 2.6 0.70 85.0 85.0 0.045 0.21 3.3
12 5.68 3.02 0.66 102.0 111.0 0.056 0.24 2.75
15 3.4 2.8 0.60 76.0 81.0 0.041 0.20 3.0
-18 3.84 3.30 0.54 49.0 37.0 0.022 0.15 3.6
19 3.9 3.1 0.80 115.0 83.0 0.052 0.25 3.5
21 3.90 2.95 0.95 75.0 29.0 0.027 0.17 5.5
23 3.48 2.81 0.67 98.0 93.0 0.051 0.22 3.0
35 4.22 5.68 0.54 74.0 65.0 0.036 0.19 2.84
49 '3.75 2.94 0.81 85.0 37.0 0.052 0.18 4.5
53 3.8 3.1 0.70 98.0 69.0 0.044 0.21 3.3
62 4.6 4.00 <0.60 48.0 22.0 0.019 0.14 4.3
64 4.85 4.18 0.67 59.0 8.0 0.018 0.15 5.2
69 4.38 3.77 0.61 71.0 25.0 0.025 0.16 3.8
72 3.93 3.00 0.93 70.0 64.0 0.017 0.15 7.1
75 4.6 3.4 1.2 89.0 24.0 0.050 0.17 7.1
76 3.64 2.79 0.85 76.0 70.0 0.059 0.20 4.25
78 3.59 2.71 0.88 92.0 69.0 0.045 0.21 4.2
81 4.40 3.78 0.62 100.0 47.0 0.059 0.20 3.1
82 3.0 2.2 0.8 93.0 72.0 0.044 0.21 3.8
-59 4.06 3.61 0.45 75.0 58.0 0.029 0.17 2.64
-32 2.4 1.86 0.54 20.0 53.0 0.057 0.19 2.84
-41 4.0 3.43 0.57 41.0 38.0 0.041 0.20 2.85
-63 4.7 4.2 0.50 41.0 17.0 0.050 0.18 2.78
-85 4.3 3.6 0.7 51.0 29.0 0.040 0.21 3.4
-87 4.1 3.2 0.9 64.0 31.0 0.050 0.22 4.0
Part A 6f scale School A
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400 33.3 13596 262.667
Arts 45,34,34,27,27,25
n = 6




144 36.0 5288 104.000Science
Mixed 40,58,57,35,25.
n = 5





656 35.3 25162 690.000
Part A of scale School B
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25. n = 37.







20,20,19. n = 27






658 28.6 20062 1237.477
Girls
Science 47,46,46,43,42,34,
34,29. n = 8





602 35.4 21818 500.118
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234 19.5 4838 275.000
Arts. 28,23,20,16,15,15.
n = 6




96 24.0 2328 24.000
Mixed. 27,27,25,23,21.
n = 5
123 24.6 5053 27.200
Appendix I 8
Part B of scale School A,contd.






575 20.8 8159 546.500


























185 25.1 4529 50.875
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Zfx X Zfx' SS
580 22.4 8662 167.882
1252 20.9 26610 884.170












850 69.2 58270 861.667
Arts. 79,68,67,61,59,58
n = 6
592 65.5 25920 509.555
Part G of scale, School A, contd.
Appendix I 8
Group Scores kfx X Zfx^ SS
Girls
Science 81,76,76,71. n = 4 304 76.0. 25154 50.000
Mixed. 80,75,68,65,64.n= 5 352 70.4 24970 189.200




1272 70.7 91648 176OJD0O










202 16.8 5502 101.667
Arts 22,19,16,16,14,13.
n = 6
100 16.7 1722 55.555
Girls
Science 20,17,17,15 n = 4 69 17.5 1202 12.750
Mixed 17,17,16,15,13.
n = 5





504 16.9 5494 559.778
Part D of scale, School B
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, 8 , 6 , 6 , 2 
n = 57.
































































984 16.7 17100 688.881
Appendix I 9
Analysis of variance using unweighted means
Stages in procedure:
1. The pooled sums-of-squares (88) for Within
2treatments ia obtained by using the fx and fx
columns in Appendix I 15 as follows:
"n
88 = t(x - x)^ = ^fx^ - i(fx)^ .............. (C)
The pooled 88 is obtained by adding the 88 
for each group.
2. The degrees of freedom are obtained from:
/ kdf = n^ - k = N - k .....................(D)
where N = total number of subjects.
k = number of groups of subjects.
5. The Within treatments mean square (M8ŷ ) is 
obtained by dividing the 88 for Within 
treatments by the df.
4. The error estimate for the denominator of the 
P ratio is obtained from:
G MS^ ...................................(E)
where C is the harmonic of the mean,
and C = 1 (1 1 ____ 1 ) .................(P)
g n, ng k
where g = number of groups of subjects
and n^, n^, etc. = number of subjects in
each group.
5. The analysis of variance is now carried out in the 
usual way using the mean scores as single observations
Appendix I 9
6. In the following worksheets:
i = ((%2)
ii = i, (X)  ̂ = correction factor.
N
P piii = ( Sum of mean scores'^ /Sum of mean scores'̂
\ for School A / +\ for School B J
numbers of mean scores number of mean scores
iv = f Sum of mean scores)^ +^Sum of mean scoresf
\ for boys______{ -for glvls______ _
number of mean scores number of mean scores
^Sum of mean scores')^ /Sum of mean score^
^ for science  ̂ for mixed_____ L
number of mean scores number of mean scores
f Sum of mean scores')^ 
\ for arts_______ J
number of mean scores
Appendix I 10
Worksheet for Analysis of Variance: Part A, Schools A & B
1. Within Treatment SS = 7295.610
2. df = 233 - 12 = 221
3. C =/l + 1 + l + l + l4*l + l + l + l + l + l + l \  l
(j7 12 ÏÏ 4 5 18 37 27 ?3 8 17 59/12
4. MS^ = 7295^610
= 0.0934 
= 33.012
5. cMS^= 0.0934 x 33.012
= 3.083
Mean scores (X) for Total SS
37.1 (1) 36.3 (1) X = 14340.7
33.3 (1) 32.2 (1)
31.7 (1) 28.6 (1) ii = 14241.63
36.0 (1) 40.1 (1)
35.0 (1) 35.4 (1)
35.3 (1) 32.4 (1)
Total SS = 99.07
n = 12
SSp - between schools
School A 208.4 (6) 
School B 205.0 (6) 
n = 12
iii = 14242.593 
ii = 14241.63 SS = 0.96






iv = 14260.38 
ii = 14241.63
Q88 = 18.75
Analysis of Variance; Part A , contd.





y = 14300.77 
ii = 14241.63
Appendix I 10
^ SS “■ 59.14
Residual 
(Total — P — Q — R)
=  20.22
see Table 3? for summary and P values.
Appendix I 10
Analysis of Variance; Part B, Schools A and B 









Mean Scores (X) for Total SS
20.7 (1) 21.7 (1)
19.5 (1) 20.4 (1) i = 5570.6
19.5 (1) 20.1 (1) ii = 5538.96
24.0 (1) 23.1 (1)
24.6 (1) 22.4 (1)
20.8 (1) 20.9 (1)
n = 12
SSp - between schools
School A 129.1 (6) 
School B 128.6 (6) 
n = 12










iv = 5554.77 
ii = 5538.96



















See TABLE 38 for summary and P values.
Appendix I 10
Analysis of Variance; Part 0, Schools A and B
1. Within treatments 88 = 16050.635
2. df = 221
3. 0 = 0.0934
4. MS^ = 72.627
5. cMS^ = 6.783
Mean scores (X) for Total SS
74.9 (1) 74.5 (1)
69.2 (1) 68.4 (1) i = 60030.10
65.3 (1) 64.4 (1)
76.0 (1) 73.6 (1) ii = 59881.24
70.4 (1) 71.3 (1)
70.7 (1) 68.9 (1)
Total SS = 148.86
n = 12.
SSp - between schools
School A 426.5 (6) 





59881.24 SS = 2.37






iv = 59898.00 
ii = 59881.24
Qgg = 16.76












See TABLE 39 for summary and P values
Appendix I 10 
Analysis of Variance: Part D, Schools A and B
1. Within treatment SS = 2741.657
2. df = 221
5. 0 = 0.0934
4. MS^ = 12.406
5. oMSg = 1.159
Mean scores (X) for Total SS
Total SS = 12.82
13.9 (1) 14.9 (1)
16.8 (1) 16.1 (1) i = 3019.69
16.7 (1) 15.7 (1) ii = 3006.87
17.3 (1) 14.4 (1)
15.6 (1) 15.1 (1)
16.9 (1) 16.7 (1)
n = 12.
SSp - between schools
School A 97.2 (6) iii = 3008.49
School B 92.9 (6) ii = 3006.87
n = 12
SSq - between sexes.
Boys 94.1 (6) iv = 3007.13



















See TABLE *40 for summary and P values.
Appendix I 10 
Analysis of Variance; Totals, Schools A and B
1. Within treatments SS = 68436.704
2. df = 221
3. c = 0.0934
4. MSg = 309.668
5. oMSg = 28.923
Mean scores (X) for Total SS
146.7 (1) 147.5 (1)
138.8 (1) 132.1 (1)
135.2 (1) 128.8 (1)
155.5 (1) 151.5 (1)
145.8 (1) 144.1 (1)
145.7 (1) 138.9 (1)
n = 12
» - between schools
School A 861.5 (6)
School B 842.5 (6)
i = 242623.640
Total SS = 655.64
SS = 30.08
n = 12
SSq - between sexes.
Boys
Girls
826.9 (6) iv 
877.1 (6) ii
242178.003
241968 Qgg = 210.00
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Mean scores and standard errors
Part A of scale. Schools A and B
Prom Appendix I 10,
Mean score for hoys = 199.2 = 33.2
6
SE^(see formula G) = /33.012/' 1+ 1. 1 . 1 , 1 ,
V 12 U 7  12^ ? 3 7 " ^  ■ ^ /
= ^2.751 (0.416)
=  1.070
Mean score for girls= 214.2 = 35.7








mixed = 135.9 = 33.97
4___________ .
SEjjj = ^2.751 (0.379)
=  1.02
Mean score for arts = 128.0 = 32.0
4
SEjg = 72.751 (0.282)
=  0.88
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Part B of scale, Schools A and B
Mean score for boys = 121.9 = 20.3
6
SEjjj = y u . 696 (0.416) =yi.2246(0.416)
= 0.71
Mean score for girls = 135.8 = 22.6E
SEjĵ = yi.2246 (0.706)
=  0.93
Part 0 of scale. Schools A and B
Mean score for
science = 299.0 = 74.8
4
- y72^ 627( 0.461) = 7^6.052(0.461)
= 1.67




Mean score for arts = 269.3 = 67.3
4
SE = <6.052 (0.282)
= 1.31
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Duncan’s New Multiple Range Test
(Edwards, 1968, p.150 for basic procedure; Kramer, 1956, 
p.307 for modification for unequal replications)
Basic formula (Kramer) is:




= mean score of treatment A
(H)
and
Xp = mean score of treatment B
n. = number of subjects/replications in
treatment A. '
n% = number of subjects/replications in
treatment B.
S = square root of MS^
2p.n2= the value obtained from Table of
Significant Studentized ranges for 
Duncan’s New Multiple Range Test *
where p = number of means being compared
and ng = df of MS^
* originally tabulated by H. Leon Harter (i960, p.671) 
also included in Edwards (1968, Appendix Table X, 
p.431).
Procedure:
1. The treatment means are ranked in order of 
magnitude with the number of replications shown 
(Appendix I 13)
2. The value of S is found by S = ySs^  ........  (I)
3. Values of Z are taken from the Table of StudentizedOLKctranges for each number of means the requisite df.
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4. Appropriate significant range factors (R’p) 
are found from the product of S and Z for 
each number of means.
5. The test of significance is carried out on 
the largest difference between means using, 
formula H: the value must exceed the
relevant significant range factor to be 
declared significant.
6. The testing continues in the following order:
_i the largest mean minus the second 
smallest ;
ii the largest mean minus the third 
smallest ;
and so on up to the largest minus the second 
largest.
7. Each difference is significant if it exceeds 
the corresponding significant range factor.




Comparison of means of Part A jd scale. Schools A and B .
1. Arts (A) Mixed (M) Science (Sc)
X 32.0 54.0 37.4
n 106 61 66
2. S = /33.012 = 5.476
3. Significant studentized ranges (Z) for a 1^ Duncan 
Multiple Test.
p 2 3
ng = 221 3.643 3.796




i In order for (xg^ - x^) to he significant,
(xgg - X.) /.2il06}.(66.)
^ V 106 + 66
must exceed = 21.810
5-4 = 5.4 X 9.019 = 48.701 >E^5,
therefore Xg^ - is significant
ii In order for (xg^ - x^) to he significant 
« 30 -
must exceed R^g = 20.931
3 . 4 ^ 2^61)766) = 3.4 x 7.963 = 27.074 > R^g,
therefore Xg^ - x^ is significant
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iii In order for - x^) to be significant,
/2(106)(61) 
V 106 + 61
must exceed R^g ” 20.931
2.0 " 2.0 X 8.810 = 17.620
therefore ÎÊ  - x^ is not significant
These results are summarised by
A M Sc
32.0 34.0 37.4
in which any two means NOT underlined by the same 
line are significantly different, and any two means 
underlined by the same line are not significantly 
different.
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Comparison of means on Part C of scale. Schools A and B
1. Arts(A) Mixed(M) Science(Sc)
X 67.3 69.8 74.8
n 106 61 66
2. S = /72.627 = 8.522
3. Significant'studentized ranges (Z) for Multiple 
Range Test.
p 2 3
no = 221 3.643 3.796














Scores on odd-numbered and even-numbered items. Parts A. B & C
School A
Subjects 
No. Odd Even '
Subjects
No. Odd Even :
Subjects
No. Odd Even
1220 73 70 1225 60 1230 65 67
1221 72 63 1226 6i 58 1231 67 68
1222 52 4-9 1227 66 50 1232 73 62
1223 62 75 1228 72 75 1233 69 70
1224 70 73 1229 60 58 1234 71 67
1235 55 4-2 1240 57 52 1245 60 47
1236 68 68 1241 65 66 1246 64 62
1237 68 64- 1242 66 61 1247 61 66
1238 62 63 1243 66 70 1248 66 64
1239 60 51 1244 68 70 1249 71 75
1250 67 57 1253 64 54 1260 56 61
1251 69 67 1256 64 52 1261 55 42
1252 63 67 1257 57 54 1262 78 62
1253 66 60 1258 65 65 1263 68 69
1254 71 71 1259 64 65 1264 54 57
1265 72 69 1270 67 69 1275 56 59
126fa 71 73 1271 55 55 1276 78 70
1267 44 32 1272 65 75 1277 66 61
1268 57 60 1273 61 59 1278 65 67
1269 66 63 1274 70 63 1279 77 76
1280 59 63 1285 55 55 1290 43 64
1281 68 74- 1286 59 56 1291 65 55
1282 70 63 1287 63 66 1292 63 62
1283 75 65 1288 62 71
1284 65 68 1289 59 55
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1201 70 68 1208 66 66 1213 68 66
1203 69 56 1209 60 60 1215 59 61
1205 56 56 1210 67 61 1216 53 58
1206 66 65 1211 59 58 1217 66 54
1207 45 46 1212 63 64 1218 69 59
1001 58 )9 1007 50 55 1014 63 47
1002 66 59 1008 77 77 1016 58 61
1003 72 75 1010 59 61 1017 68 71
1004 60 59 1011 61 54 1018 67 57
1006 67 66 1013 42 56 1019 75 62
1020 68 67 1027 71 61 1033 66 68
1022 56 44 1028 66 66 1034 58 48
1023 65 62 1029 67 65 1035 60 62
1024 57 61 1030 72 60 1036 63 60
1025 59 60 1031 59 61 1037 48 57
1038 63 57 1043 54 61 1049 75 75
1039 50 54 1044 53 53 1050 63 58
1040 68 65 1045 57 64 1051 74 64
104l 51 49 1046 49 46 1052 49 49
1042 70 71 1047 41 45 1053 67 58
10)4 b6 62 1062 51 47 1067 68 59
1056 75 59 1063 52 4o 1068 80 68
1058 58 62 1064 36 46 1069 74 71
10)9 59 74 1065 48 41 1070 61 64
106l 60 45 1066 45 66 1071 73 59
1072 65 60 1080 71 72 1085 63 50
1074 66 71 1081 62 54 1086 67 50
1075 67 53 1082 57 61 1088 71 59
1078 36 43 1083 70 63 1089 69 56
1079 5) 51 1084 75 82 1090 68 55
1091 68 61 1096 66 55 1103 72 69
1092 65 56 1098 56 59 1104 46 49
1093 53 56 1100 64 61 1105 58 68
1094 62 54 1101 37 43 1107 67 63
IDQ ^ 69 <9--__3-LÛ2__ __ Tinü
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1112 58 49 1119 63 66 1125 70 63
1113 64- 65 1120 64 55 1127 62 52
1114 60 42 1121 47 52 1128 35 45
1115 52 56 1123 67 64 1129 63 61
1116 56 51 1124 36 49 1130 60 67
1132 70 68 1137 65 67 1144 65 63
1133 66 71 1140 70 64 1145 72 69
113^ 69 68 ll4l 76 69 1146 71 75
1135 84 70 1142 78 72 1149 56 56
1136 69 72 1143 66 62 1152 66 66
1153 58 45 1160 75 78 1167 53 71
1155 60 62 1161 65 63 1168 70 63
1156 65 71 1162 68 61 1169 66 65
1157 74 63 1164 86 69 1170 55 59
1158 61 58 1166 65 56 1171 63 67
1172 68 64 1178 71 67 1184 78 67
1173 70 69 1179 60 52 1185 71 71
1174 72 71 1181 71 72 1186 65 55
1176 61 71 1182 80 72 1187 71 62
1177 70 72 1183 69 66 1188 65 63
1180 71 77 1194 65 62 1200 63 54
1139 71 69 1195 68 61
1190 57 62 1196 69 74
1191 61 63 1198 71 51
1192 72 71 1199 66 45
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Formula for product-moment correlation,using Madras 
machine ;
M ........ (J)
Spearman-Brown prophecy formula for estimating 
reliability from two comparable halves of a test:
2r_u^
? n  ......................... (K)
r., = ..
1 + ri j
where r^j = reliability coefficient of 
the whole test
and j = reliability of the half-test.
2 II found experimentally.
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SAMPLE WORKSHEET 
Reliability coefficient for SchQol A; parts A, B, 0 .
Basic data derived from Appendix I 142
(2ÏY (z (Y
303772 588712 288503 4682 4547
Calculations based on Worksheet from Wiseman (1966)
N = 73
A = = 4682 a. = i Y = 4547
B = A = 
N
64.136986 b = a 
n = 62.287671
C = %x2 = 303772 c = (Y^ = 288503
D = A^ = 21921124 2d = a^ = 20675209
E = D = 
N
300289.36 e = d 
N
= 283222.04
P = A X B= 300289.37 f = a X b= 283222.00
(check of
E = P)
G- = C — E = 3482.63 g = 0 - e = 5280.96
H = G 
N








i = Axa = 21289054 i x i x
ii = ^2XY 588712
iii = ii = 
2
294556
iv = i = 
N 291630.877 N
V = (Bxa) 291630.875
(check of
iv = v)
vi = iii - iv = 2725.123 w
vii = G X g = 18391629.725
riii = yvii = 4288.55
ix = vi = 0.635 r
vxii
/.r = 0.635
Applying Spearman-Brown prophecy formula 
(Appendix I 15, K):





Reliability coefficient for School B; parts A, B and 0
Basic data derived from Appendix I 14:
^2ZY ^Z £x
718905 1368195 660144 11131 10676
Calculations: N = 176
A = 11151 a - 10676 i = 118834556
B = 63.244318 b = 60.659091 ii = 1368195
C = 718905 c = 660144 iii = 684097.5
D = 123899161 d = 113976976 iv = 675196.34(1)
E = 703972.50 e = 647596.45 V = 675196.33(9)
P = 703972.50 f 647596.45 vi = 8901.16
G = 14932.5 g = 12547.55 vii = 187366215.713
H = 84.844 h = 71.293 viii = 13688.178
J = 9.211 i 8.444 ix 0.65
/. r = 0.65




Summary sheets for reliability coefficients
X =: score on ’odd* items.
Y =: score on ’even* items.
SCHOOl A (N = 73)
Part A Part B Part C Part D Whole
1436 648 2552 517 5195
1113 855 2590 651 5198
29034 6146 92064 3883 373447
%ZZT 44380 15478 184012 9362 745436
17733 10721 94456 6272 376210
Standard
Deviation
(X) 3.282 2.323 6.247 1.742 7.165
Standard
Deviation
(Y) 3.234 3.112 5.927 2.528 9.129
r 0.382 0.283 0.541 0.222 0.588
^11 0.553 0.441 0.702 0.363 0.741
SCHOOL B (N = 176)
t x 3394 1678 6060 1174 12315
2454 2032 6206 1621 12285
67900 17058 215483 8518 877051
2TZXY 97590 39522 433169 21836 1736634
^Y^ 36484 25568 223157 15867 871482
Standard
Dviation
(X) 3.731 2.454 6.228 1.976 9.339
Standard
Deviation
(T) 3.589 3.461 4.957 2.308 8.911
r 0.624 0.259 0.534 0.131 0.595
^11 0.768 0.411 0.696 0.232 0.746
Part A of scale, School 0
Appendix I 17



























318 35.3 11432 196.000
Arts 42,40,37,37,35,35,35,
33,31,31,31,30,30,30,
28,27,27,23. n = 18










531 23.1 12615 355.826
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Part B of scale, contd. School C













208 23.1 4870 62.889
Mixed 29,28,23,22,21,20,20, 
19,17. n = 9
199 22.1 4529 128.889
Arts 27,24,23,23,23,22,21, 
21,20,20,20,20,18,18, 
18,17,16,11. n = 18








67,61. n = 23




979 69.9 69415 954.929
Arts 72,72,67,65,65,64,64, 
63,62,61,53 n = 11








71,69. n = 9
696 77.3 54006 182.000
Arts 86,81,77,76,76,75,73, 
70,69,68,67,67,65,64, 
62,62,61,57 n = 18
1256 69.8 88634 993.111
Part D of scale, School 0
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301 16.7 5177 143.611
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Worksheet for Analysis of Variance: Part A, School C
1. Within treatment SS = 1864.395
2. df = 84 - 6 = 7 8
3. C = ^  + "g + "g + Yg) = 0.1666 X 0.4834
= 0.0805
4. MS^j = = 23.903
5. cM8g = 0.0805 x 23.903 = 1.924
Mean scores (X) for Total SS
37.2 (1) 40.6 (l) ^ _ 7219.155
32.1 (1) 35.3 (1) Total SS = 81.38
29.4 (1) 32.3 (1) ^ 7137.774
K = 6.
SSq - between sexes
Boys 98.7 (3) i = 7152.810 gg ^ 15.04
Girls 108.2 (3) ii = 7137.774
N = 6
SStj - between courses
Science 77.8 (2) y _ 7204.085
Mixed 67.4 (2) SS = 66.31




Analysis of variance : Part B, School C
1. Within treatments SS = 1098.882
2. df = 84 - 6 = 7 8
3. C = 0.0805
4. MS^ = 14.088
5. cMŜ y = 1.134
Mean scores (X) for Total SS
23.1 (1) 23.1 (1) i = 2822.72
21.5 (1) 22.1 (1) Total SS = 9.52
ii = 2813.20
20.0 (1) 20.1 (1)
N = 6
SSq - between sexes.
Boys 64.6 (3) iv = 2813.29
SS^= 0.09
Girls 65.3 (3) ii = 2813.20 ^
N = 6
SS^ - between courses.
Science 46.2 (2)
V = 2822.53
Mixed 43.6 (2) SS = 9.33





Analysis of variance : Part C, School C
1. Within treatments SS = 4151.387
2. df = 7 8
3. G = 0.0805
4. MS,̂  = 53.223
5. cMS^ = 4.284
Mean score (X) for Total SS
77.2 (1) 77.1 (1)
69.9 (1) 77.3 (1)
64.4 (1) 69.8 (1)
N = 6
i = 31790.72 
ii = 31643.73
Total SS = 146.99






iv = 31670.66 
ii = 31643.73
SS = 26.93 a
SStj - between courses
Science 154.3 (2) 






SS = 104.92' P.
Residual = 15.14
Appendix I 18
Analysis of variance ; Part B, School C
1. Within treatments SS = 768.415
2. df = 78
3. C = 0.0805
4 . MS^ = 9.851
5. cMS^ = 0.793
Mean score (X) for Total SS
15.5 (1) 15.7 (1) i = 1653.50
16.4 (1) 18.3 (1) Totalii = 1648.28
16.8 (1) 16.7 (1)
K = 6
SSq - between sexes
Boys 48.7 (3) iv = 1648.94
Girls 50.7 (3) ii = 1648.28
R = 6
SSr  - between courses
Science 31.2 (2)





SS = 0.66 «1
SS = 3.39 R
Residual = 1.17
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Mean Scores and standard errors
Part A of scale, School C 
Prom Appendix I 18.
Mean score for hoys = = 32.9
=/3.984(0.206)
= 0.91
Mean score for girls = 108.222 = 36.1
3
SEĵ  = 984(1 + % + Yg)
= 73.984 (0.278)
= 1.05
Mean score for o
science = - - = 38.9
= 73.984(1; + ÿ
= 73.984 (0.155) 
= 0.785
Mean score for mixed = 67.4 = 33.7
2_________
= 73.984(1^ + ÿ  
= 73.984(0.183)
= 0.853
Mean score for arts = 61.7 = 30.9
2___________
= 73.984(1^ + Ig)
= /3.984 (0.146) 
= 0.763
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Mean scores and standard errors
Part 0 of scale. School 0
Mean score for science =
SEm




Mean score for mixed = 147.2 = 73.6
2
SEm = 7s.871(0.183) 
= 1.274
Mean score for arts
SEm





Comparison of means of Part A of scale. School 0
1, Arts (A) Mixed (M) Science (Sc)
X 30.8 33.7 38.9
n 29 23 32
2. S = 723.903 = 4.889
3. Significant studentized ranges (Z) for a Ifo Multiple 
Range Test.
p 2 3
n2= 78 3.762 3.922




^^Sc “ %a)j'2(29)(32) ^ 8,1 X 5.516 = 44.68029 + 32
therefore significant.
(^Ec " = 5.2 X 5.173 = 26.89923 + 32
therefore significant
(x„ -  X . )  / 2(29) (23) = 2.9 X 5.065 = 14.689<Eh
J 29 + 23
therefore not significant. 
Summary:
Arts Mixed Science
30.8 33.7 3 8 . 9
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Comparison of means on Part 0 of scale, School 0
1. Arts(A) Mixed(M) Science(Sc)
X 67.1 73.6 77.2
n 29 23 32
2. S = 753.223 = 7.295
3. Significant studentized ranges (Z) for a 1^ Multiple 
Range Test,
ng = 78 3.762 3.922




(Xgg - 5c^)(5.516) = 10.1 X 5.515 = 55.712 )►
therefore significant.
(X gg  - Xjj) (5.173) = X3.6 X 5.173 = 18.623 E^g 
therefore not significant.






Scores on odd-numbered and even-numbered items. Parts A, B & G
School C
Subjects





1300 84- 77 1305 63 59 1310 58 491301 65 65 1306 61 57 1311 57 641302 5^ 60 1307 54 59 1312 61 59
1303 69 67 1308 59 52 1313 56 59
1304 79 74 1309 60 64 1314 63 56
1315 65 63 1320 59 51 1325 69 67
1316 57 63 1321 57 40 1326 62 54
1317 62 59 1322 74 73 1327 65 73
1318 ^7 56 1323 65 58 1328 77 76
1319 64 68 132^ 79 76 1329 55 60
1330 64 66 1335 56 63 1341 66 70
1331 58 53 1336 66 67 1342 70 67
1332 59 62 1338 64 62 1343 74 70
1333 64 69 1339 60 61 1344 61 59
1334 61 55 1340 71 62 1345 70 67
13‘+7 66 65 1352 71 70 1357 71 62
13*+8 76 78 1353 55 51 1358 67 67
13^9 64 57 1354 56 46 1359 61 63
1350 57 61 1355 64 59 1360 72 68
1351 57 52 1356 77 66 1361 62 58
1362 79 84 1367 64 66 1372 72 69
1363 77 83 1368 71 58 1373 67 71
1364 78 82 1369 71 62 1374 70 60
1365 70 67 1370 68 62 1375 75 75
1366 61 63 1371 76 72 1376 74 70
1377 63 54 1382 79 72
1378 64 64 1383 74 70
1379 62 53 1384 62 64
1380 65 65 1385 69 58
1381 50 48 1337 73 67
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SAMPLE WORKSHEET
Reliability coefficient for School C, parts A, B, C 
Basic data from Appendix I 21 :





















a = 5383 i
b = 63.329412 ii
c = 346801 iii
d = 28976689 iv
e = 34092.22 v
f = 34092.22 vi
g = 5898.780 vii
h = 69.397 viii










r = 0.784 
^11 = 0.854
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Sinnmary sheet for reliability coefficients
SCHOOL 0 (N = 85)
Part A Part B Part C Part D Whole
(z 1689 809 3076 620 6194
(y 1238 1017 3109 772 6145
34599 8049 113350 4794 456576
$ZY 50162 19594 227256 11392 904796
(y ^ 18942 12739 115329 7470 451251
Standard 
Deviation 
(X) 3.408 2.027 4.893 1.788 7.833
Standard 
Deviation 
(Y) 3.274 2.592 4.356 2.322 9.077
r 0.507 0.263 0.618 0.184 0.762
0.673 0.416 0.764 0.311 0.865
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Prom the list of adjectives that follows, which seem to 
you to describe 'Engineers' best? Select as many adjec­
tives as you wish, and put a tick opposite each one, in 
the column headed 'Engineers'. If you have no particular 
feelings one way or the other, just put a tick at the 
bottom of the column.
Nowplease go over the list again and select the words 
which best describe 'Teachers'. Put your ticks in the 
column headed 'Teachers'.
Now please continue with the other occupations or 
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Stereotyping score (X) and attitude score (Y)





A = 578 a = 9738 i = 5628564
B = 7.706667 b = 129.84000 ii = 151363
0 = 5077 c = 1281438 iii = 75681.500
B = 3340484 d = 94828644 iv = 75047.520
E = 4454.45 e = 1264381.920 V = 75047.520
P = 4454.45 f = 1264381.920 vi = 633.980
G = 622.55 g = 17056.08 vii = 10618262.
H = 8.301 h = 227.414 viii = 3258.568
J = 2.881 2 = 15.080 ix = 0.195
= .195
.995 X .992 (correction factors
for coarse grouping, 
Wiseman, 1966, Table
= 0.198 1, p.12)
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Validity coefficient
Number of *0' level science subjects (X) and attitude
score (Y)
Basic data from the following page:
^ZY Ŷ̂  Ẑ ^Y
263 16216 1437996 121 10970
IT = 85
Using formula J, Appendix I 15:
16216 - 121 X 10970Op




















’A ’ level 
course.
Attitude score
5 0 Arts(A) 121
7 2 Science(S) 108
5 1 A 137
- 1 A 121
9 4 S 133
- 3 S 153
9 3 8 132
5 0 A 126
4 0 S 122
- 1 s 104
— 2 8 121
- 0 A 116
- 1 S 120
- 1 s 133
- 0 s 116
2 1 s 140
1 3 s 136
7 0 A 110
9 2 A 115
6 1 A 95
13 3 S 147
14 3 s 153
10 2 8 133
9 1 A 138 '
9 3 A 129
5 0 A 118
2 0 A 136
6 1 A 111
9 0 A 115
- 1 A 123
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6 2 A 155
10 0 A 119
3 1 8 111
2 3 8 144
2 2 8 123
9 1 A 113
9 1 A 120
3 2 8 124
- 1 A 114
12 2 8 137
2 1 A 116
8 2 8 161
5 2 8 130
6 0 A 107
9 2 8 131
8 3 S 136
9 1 A 131
11 0 S 137
7 2 8 133
10 0 8 134
9 2 S 160
5 2 A 98
11 3 8 133
11 2 A 150
7 3 S 141
11 0 A 143
11 1 A 130
2 2 A 118
12 0 8 124
7 2 8 142
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9 1 A 138
8 3 S 143
7 3 S 163
5 0 A 130
10 0 A 120
7 2 A 109
12 2 8 148
10 0 A 154
12 1 8 121
5 0 A 106
11 1 S 130
8 1 S 130
4 0 A 102
10 1 8 124
6 2 8 133
7 2 A 115
11 3 S 150
8 2 A 117
7 1 A 130
7 3 8 128
6 2 A 130
7 2 A 144
9 2 8 160
9 1 S 130
10 2 8 151
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Validity coefficient
Obtained frequencies (fo) for attitude scores and 'O'
level science subjects.
Number of 'O' levels








0 10 15 14 39
15 26 24 20 85
Expected frequencies (fe)
8.12 14.07 12.99 10.82 46.00
6.88 11.93 11.01 9.18 39.00




























12.71 0.58 2.68 4.68 20.65 = 
1 ? df= 3
r/
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correction factor ...................  (M)
correction factors 
obtained from Wiseman 
(1966,p.19)
/20.65 - 3 
85 + 20.65 - 3
.798 X .923 (correction factors












(above 145) 11 2 0 13
(113-145) MIDDLE scores 20 19 22 61
LOW scores 
(helow 113) 1 3 7 11





N.B. Several cells with frequencies less than 5 made 




2 x 2  table for course-bias and attitude scores
Science biased Arts biased
i.e. science i.e. arts
science subjects subjects only/
only/more science more arts than
than arts science
HIGH scores 
(130 & above) 32 (a) 14 (b) 46
LOW scores 
(129 & below) 13 (c) 26 (d) 39
45 40 85
x2 = ^ [(ad - bo) - f]




= 9.71 df 1
- / 9.71 - 1 
P y  85 + 9.71 - 1





One-way Analysis of Variance, Part A of scale,PG 67and 68
GROUPS Arts Geog. Soc. Biol. Ohem. Phys. Maths Totals
N = 10 18 10 20 17 16 12 103
fx 320 593 320 727 628 544 413 3545
fx^ 10770 20636 10518 27069 23546 19055 14411 126005
Total S3 = Z(f%2) _ = 126005 - 122009-951
(correction factor)
88 Between (320)2. ̂  (gg;)2
= 3995.049
correction
cells = 10 18..etc. factor
SS Within = Total Sg - SS Between cells
= 341.697 
=3653.352
One-way Analysis of Variance, Part B of scale,PG67 and 68
GROUPS Arts Geog. Soc. Biol. Ohem. Phys. Maths .Totals
N = 10 18 10 20 17 16 12 103
fx 210 406 209 505 403 369 293 2395
f%2 4506 9370 4581 13153 9681 8693 7365 57349
Total 88 = ^(fx2) - = 57349 - 55689.563
= 1659.437
88 Between (210)2 (406)2 _ correction
cells = 10 18 ...etc." factor = 214.959
83 Within = 1444.478
Appendix I 29
One-way Analysis of Variance,Part 0 of scale, PG 67 & 68
GROUPS Arts Geog. Soc, Biol. Ohem, Phys ,Maths Totals
N = 10 18 10 20 17 16 12 103
fx 663 1197 643 1444 1185 1104 817 7053









One-way Analysis of Variance,Part D of scale, PG 67 & 68
GROUPS Arts Geog. Soc. Biol. Ohem. Phys. Maths Total
N = 10 18 10 20 17 16 12 103
fx 182 341 179 364 307 263 202 1838










Reliability measure: Product-moment correlation on odd-
numbered and even-numbered items, Parts A, B and 0 of 
scale, 1967 group.
Basic data on following page:
^2XY &
231146 458893 230598 3606 3596
Calculations:
N = 57
A = 3606 a = 3596 i = 12967176
B = 63.263158 b = 63.087719 ii = 458892
0 = 231146 0 = 230598 iii = 229446
D = 13003236 d = 12931216 iv = 227494.316
E = 228126.44 e = 226863.43 V = 227494.316
P = 228126.94 f = 226863.43 vi = 1951.38
a = 3019.05 g = 3734.56 vii = 11274823.368
H = 52.966 h = 65.519 viii = 3357.800
J = 7.278 j = 8.094 ix = 0.581
.r = 0.581
and rII 2 X 0.581 1 + 0.581
= 0.735
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2001 66 71 2011 63 55 2021 74 66
2002 67 72 2012 70 74 2022 69 63
2003 61 72 2013 70 78 2023 66 56
2004 57 55 2014 69 70 2024 46 44
2005 62 58 2015 74 76 2025 55 49
2006 57 57 2016 41 44 2026 70 69
2007 63 59 2017 61 59 2027 70 76
2008 63 68 2018 61 46 2028 71 61
2009 61 67 2019 53 64 2029 65 61
2010 55 62 2020 62 65 2030 66 62
2031 80 77 2036 63 63 2041 64 73
2032 73 56 2037 55 68 2042 63 73
2033 66 63 2038 64 68 2043 70 67
2034 63 49 2039 58 62 2044 53 55
2035 60 69 2040 60 58 2045 77 65
2046 66 73 2054 55 63 2048 69 60
2050 59 61 2055 61 72 2049 55 55
2051 53 58 2057 68 65
2052 61 59 2058 71 71
2053 71 68 2047 60 64
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Reliability measure : parts A, B, 0 of scale, 1968 Group
Basic date on following page:
(2ZY %Z
266271 529982 266010 4199 4194
Calculations:
II = 67
A = 4199 E = 4194 i = 17610606
B = 62.671642 b = 62.597015 ii = 529982
C = 266271 c = 266010 iii = 264991
D  = 17631601 d = 17589636 iv = 262844.866
E = 263158.22 e = 262531.88 V = 262844.866
P = 263158.22 f = 262531.88 vi = 2146.134
G = 3112.780 g = 3478.120 vii = 10826622.374
H = 46.459 h = 51.912 viii = 3290.383
J = 6.816 j = 7.205 ix = 0.652
r = 0.652 











2060 59 61 2085 • 64 55 2110 56 59
2061 77 65 2086 64 76 2111 61 66
2062 60 55 2087 63 63 2112 70 64
2063 60 58 2088 66 70 2113 49 44
2064 64 63 2089 71 73 2114 54 52
2065 59 71 2090 69 58 2115 64 72
2066 61 61 2091 57 57 2116 47 49
2067 84 78 2092 72 58 2117 57 49
, 2068 58 62 2093 70 66 2118 57 61
2069 59 55 2094 72 67 2119 55 55
2070 59 58 2095 64 60 2120 69 72
2071 64 64 2096 57 58 2121 61 57
2072 66 62 2097 61 66 2122 71 72
2073 73 67 2098 60 56 2123 61 66
2074 54 55 2099 56 59 2124 65 74
2075 64 62 2100 66 54 2125 70 82
2076 60 67 2101 66 58 2126 66 62
2077 68 73 2102 62 68
2078 46 54 2103 64 63
2079 63 58 2104 58 59
2080 73 65 2105 67 67
2081 57 63 2106 63 65
2082 57 60 2107 68 70
2083 68 56 2108 56 59
2084 55 63 2109 72 67
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Summary sheet for reliability coefficients
X = score on ’odd' items
Y = score on 'even'items
1967 GROUP (N = 57)
Part A Part B Part C Part D Whole
1  X 1103 584 1929 408 4014
855 713 2036 607 4211
rx^ 22101 6362 66095 3116 289510
T2XY 33492 " 14860 138438 8808 597762








2.980 2.980 4.603 1.906 8.732
r 0.325 0.285 0.319 0.294 0.623
I'll 0.491 0.444 0.484 0.454 0.768
1968 GROUP (N = 67)
Z  X 1277 703 2219 478 4685
Z  Y 988 867 2329 689 4893
Z X ^ 25101 7699 74605 3728 330967
Z 2XY 38430 18424 155122 9976 688938
z 15182 11635 81949 7437 361517
standard
Deviation(X)3•372 2.195 4.706 2.178 7.089
Standard
Deviation
(Y) 3.024 2.491 3.844 2.291
7.900
r 0.562 0.314 0.406 0.217 0.619
"*11 0.720 0.478 0.578 0.357 0.763
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Part A of scale, 1967 and 1968 Postgraduates




320 32.0 10770 530.000
Geog. 42,39,38,37,37,36,36% 
36,34,34,33,33,32,31, 
30,26,23,16. ^ _ 2Q




28,25,22. n = 10



















413 34.4 14411 196.917
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Part B of scale, 1967 and 1968 Postgraduates





















17,17. n = 20














293 24.4 7365 210.917
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Part C of scale, 1967 and 1968 Postgraduates









1197 66.5 8O3I5 714.500
Sociol
“Ogy. 71,70,70,69,65,64,63,63,59,49. n = 10




^3.61- n = 20














1104 69.0 76750 574.000
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Part D of scale, 1967 and 1968 Postgraduates









17,16,13,13. n = 18

























263 16.4 4441 117.938
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One-way Analysis of Variance, Part A of scale, PG 1969





N = 7 6 22 10 13 8 66
fx 232 230 833 359 482 277 2413








One-way Analysis of Variance, Part B of scale, PG 1969





N = 7 6 22 10 13 8 66
fx 139 125 420 169 273 14-2 1268










One-way Analysis of Variance, Part C of scale, PG 1969





N = 7 6 22 10 13 8 66
fx 348 326 1214 543 691 397 3519
fx2 17476 17750 67928 30415 37261 19811 190641
Total SS
SS Between _ 
cells
SS Within =




One-way Analysis of Variance, Part D of scale, PG 1969





N = 7 6 22 10 13 8 66
fx 90 91 290 119 155 107 852




11424 - 10998.545 
425.455
56.794
SS within = 368.661
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Scores (adjusted for missing items) on test and re-test 

















2151 116 120 2181 114 107 2210 120
2152 98 105 2182 103 96 2211 111
2155 95 108 2183 97 79 2212 110
2154 93 96 ,2184 103 121 2213 104
2155 110 120 2185 155 141 2214 121
2156 109 115 2186 102 94 2215 115
2157 117 128 2187 123 118 2216 115
2158 106 115 2188 78 91 2217 97
2159 114 123 2189 113 108- 2218 112
2160 107 117 2190 84 74 2219 102
2161 96 97 2191 115 126 2220 152
2164 116 95 2192 110 128 2221 127
2163 66 57 2195 109 113 2222 118
2162 115 117 2194 85 101 2223 106
2165 99 102 2195 - - 2224 107
2166 - - 2196 109 110 2225 106
2167 119 129 2197 95 99 2226 91
2168 118 113 2198 118 115 2227 115
2169 116 117 2199 107 115 2228 94
2170 102 107 2229 115
2171 111 106 2200 112 2230 106
2172 106 104 2201 118 2231 108
2173 - - 2202 129 2232 104
2174 85 92 2203 155 2235 110
2175 108 107 2204 125 2254 88
2176 119 121 2205 112 2235 105
2177 108 117 2206 91 2236 102
2178 119 117 2207 106 2237 96
2179 116 116 2208 123 2238 99
2180 119 121 2209 103 2239 112
Appendix I 35
Product-moment correlation; test re-test technique;
1969 group
Basic data from Appendix I 33:
529757
(2ZY (y
24583416 557496 4901 5016
Calculations :
N = 46
A = 4901 a = 5016 1 = 24583416
B = 106.54348 (X) b = 109.04348 (Y) ii = 1083624
0 = 529757 c = 557496 iii = 541812
D = 24019801 d = 25160256 iv = 534422.087
E = 522169.58 e = 546962.08 V = 534422.095
P = 522169.59 f = 546962.09 vi = 7389.910
G = 7587.41 (88%) g = 10533.91 (SSy) vii - 79925094.073
H = 164.944 h = 228.998 viii = 8940.084
J = 12.843 (8D^) j = 15.132 (SBy) ix = 0.8266
r = 0.83
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Means and standard errors
X (from Appendix I 35) = 106.54
SE_ = (S' = 12.84 = 1.89
“ W  I F -
Y (from Appendix I 35) = 109.04
= 15.13 = 2.23
Standard error of the difference between correlated means
f  Mg " 6̂ 2̂ ...........
where . =  standard error of the mean 6
on the first occasion.
y . = standard error of the mean O ̂ 2 on the second occasion.
and r^2 = correlation coefficient of 
scores on test - retest.
Thus,




Frequency of responses to all items, original schools
SB = Science boys 
SG = Science girls 
AB = Arts boys 
AG = Arts girls
Scores
Item
No. 4 3 2 1 0
1 SB 19 23 9 3 0
SG 3 if if 0 0
AB 6 lif 5 1 3
AG 2k 38 6 8 1
2 SB k 13 13 19 5
SG 4 1 1 1
AB k 10 1 5 9
AG 13 33 2 20 9
3 SB 21 18 3 6 6
SG if 4 0 2 1
AB 13 3 1 5 7
AG 2if 2if 3 15 11
h SB 12 23 3 13 if
SG 0 10 0 0 1
AB 5 13 1 8 2
AG 11 ifl 7 16 2
5 SB 12 26 if 9 3
SG 2 8 1 0 0
AB 1 5 7 5 11
AG 7 31 8 22 9
6 SB ifO 12 0 1 1
SG 8 2 1 0 0
AB 2 9 3 8 7
AG 23 26 6 15 7
7 SB 9 33 5 7 0
SG 1 8 1 0 1
AB if 16 1 5 3
AG lif 38 if 20 1
Scores
Item
No. if 1 2 1 0
8 SB 1 9 19 16 9
SG 0 if 6 1 0
AB if 7 if 8 6
AG if 10 18 37 8
9 SB 16 28 6 if 0
SG 5 3 2 1 0
AB 5 lif 3 5 2
AG 13 50 if 8 2
10 SB 11 10 26 3 if
SG 5 1 if 1 0
AB 0 5 1 8 15
AG 2 10 13 32 20
11 SB if] 10 1 0 0
SG 8 1 1 1 0
AB 10 10 5 3 1
AG ifO 32 2 2 1
12 SB 29 23 0 1 1
SG 10 1 0 0 0
AB 17 7 3 1 1
AG if9 2if 3 1 0
13 SB 20 25 1 if if
SG if 5 1 0 1
AB lif 11 0 if 0
AG 30 35 5 7 0
lif SB 6 lif 6 16 12
SG 2 3 0 3 3
AB 1 12 2 8 6
AG 3 18 5 32 19
Appendix I 22
Frequency of responses to all items, original schools
SCORES
Item
No. 4- 1 2 1 0
15 SB :5 22 7 18 2
SG 1 5 2 3 0
AB 6 8 6 5 if
AG 7 28 4 29 9
16 SB 8 2k 12 6
SG 1 7 1 1 1
AB 6 12 5 2 if
AG 12 40 9 l4 2
17 SB 4 13 7 18 12
SG 0 7 1 3 0
AB 5 8 3 9 4
AG 9 32 8 22 6
18 SB 8 23 11 8 4
SG 0 6 1 3 1
AB 6 8 3 9 3
AG 16 23 8 22 8
19 SB 27 13 5 7 2
SG 8 3 0 0 0
AB 21 3 0 3 2
AG 46 23 5 2 1
20 SB 17 19 11 5 2
SG 8 2 0 1 0
AB 9 8 4 6 2
AG 21 40 8 7 1
21 SB 1 21 11 lif 7
SG 0 7 2 2 0
AB 2 8 9 8 2
AG 2 37 11 22 5
22 SB 23 20 7 3 1
SG 4 6 0 0 1
AB 0 7 5 10 7
AG 7 22 16 22 10
SCORES
Item
No. 4 3 2 1 0
23 SB 7 32 11 3 1
SG 3 5 3 0 0
AB 2 8 4 7 8
AG 10 33 19 12 3
2if SB 1 22 9 16 6
SG 0 5 1 1 4
AB 1 8 11 7 2
AG 1 36 21 18 10
25 SB 7 22 8 16 1
SG 1 5 2 1 2
AB 1 9 3 11 5
AG 5 25 11 26 10
26 SB 13 22 9 8 2
SG 1 7 0 1 2
AB 7 lif 1 3 4
AG 12 3̂4- 6 17 8
27 SB 6 22 21 4 1
SG 1 4 6 0 0
AB 5 13 9 1 1
AG 17 32 20 6 2
28 SB 13 17 5 16 3
SG 3 4 0 4 0
AB 7 12 0 5 5
AG 20 31 0 21 5
29 SB 7 22 19 4 2
SG 1 7 2 1 0
AB 4 11 4 4 6
AG 3 26 21 21 6
30 SB 4 2if 13 10 3
SG 1 5 3 1 1
AB 4 15 6 2 2
AG 4 if5 11 14 3 i
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Frequency of responses to all items, original schools
Scores
Item
Mo. 4 3 2 1 0
31 SB 8 28 6 11 1
SG 1 6 1 3 0
AB 4 4 5 111 5
AG 8 23 11 29 6
32 SB 30 17 3 2 2
SG 8 1 2 0 0
AB 7 11 3 6 2
AG 28 3^ 8 6 1
33 SB 3 27 11 11 2
SG 0 8 3 0 0
AB 1 15 5 7 1
AG 3 42 15 15 2
3^ SB 8 31 7 7 1
! SG 2 5 1 3 0
1 AB 7 14 2 3 3
AG 14 3^ 4 22 3
3^ SB 3^ 17 2 1 0
SG 8 2 1 0 0
AB 8 14 2 4 1
AG 37 37 2 1 0
36 SB 47 7 0 0 0
SG 9 2 0 0 0
AB 17 11 1 0 0
AG 38 33 0 5 1
37 SB 16 19 13 5 1
SG 3 7 1 0 0
AB 17 7 2 3 0
AG 3^ 35 6 2 0
38 SB 21 19 8 6 0
SG 3 5 2 1 0
AB 6 10 5 7 1
AG 7 35 15 16 4
Scores
Item
No. 4 3 2 1 0
39 SB 32 17 5 0 0
SG 8 1 2 0 0
AB 6 14 0 3 6
AG 29 38 5 4 1
4-0 SB 10 30 3 9 2
SG 1 5 1 4 0
AB 5 8 1 11 4
AG 13 38 3 17 6
4l SB 12 30 4 7 1
SG 3 2 0 6 0
AB 4 9 0 13 3
AG 6 29 6 28 8
42 SB 27 19 4 2 2
SG 5 4 0 2 0
AB 15 8 1 4 1
AG 4o 30 5 1 1
43 SB 10 11 16 l4 3
SG 1 4 5 1 0
AB 2 3 3 11 10
AG 3 15 10 3^ 15
44 SB 28 19 4 2 1
SG 2 8 0 1 0
AB 11 11 5 2 0
AG 16 4l 13 6 1
45 SB 0 5 1 3^ 14
SG 0 0 1 9 1
AB 1 1 0 19 8
AG 1 11 3 54- 8
46 SB 9 28 9 8 0
SG 1 8 2 0 0
AB 3 17 1 5 3
AG 12 50 5 10 0
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Frequency of responses to all items, original schools
Scores
Item
No. 4 3 2 1 0
4-7 SB 41 7 5 1 0
SG 7 2 2 0 0
AB 18 7 2 0 2
AG 42 32 0 3 0
48. SB 14 30 5 4 1
SG 0 8 1 2 0
AB 11 14 2 2 0
AG 23 38 4 12 0
49 SB 11 26 13 4 0
SG 0 7 4 0 0
AB 7 10 3 4 5
AG 15 42 10 8 2
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2 SB 8 7 0 8 0 9 SB 7 11 1 4 0
SG 4 3 0 2 0 SG 1 7 0 1 0
AB 1 3 0 7 0 AB 3 7 0 1 0
AG 1 5 0 10 2 AG 1 11 2 4 0
3 SB 12 7 1 2 1 10 SB 3 6 3 7 4
SG 3 6 0 0 0 SG 2 6 1 0 0
AB 1 8 1 1 0 AB 0 0 0 3 8
AG 4 6 2 5 1 AG 0 3 4 9 2
4 SB 2 12 1 8 0 11 SB 16 7 0 0 0
SG 3 4 0 2 0 SG 5 4 0 0 0
AB 1 6 3 0 1 AB 3 7 0 1 0
AG 1 9 3 5 0 AG 4 12 0 1 0
5 SB 4 11 0 6 2 12 SB 16 7 0 0 0
SG 5 3 0 1 0 SG 8 1 0 0 0
AB 0 2 3 1 5 AB 6 5 0 0 0
AG 0 12 2 2 2 AG 11 7 0 0 0
6 SB 17 4 2 0 0 13 SB 7 13 1 2 0
SG 7 1 0 0 1 SG 4 4 0 0 1
AB 1 8 0 2 0 AB 0 7 1 3 0
AG 3 12 1 2 0 AG 3 12 1 2 0
7 SB 6 13 2 2 0
SG 2 6 1 0 0
AB 2 4 1 4 0
AG 3 9 2 4 0
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23 S 2 24 4 2 0
A 1 7 13 6 2
24 S 1 17 4 9 1
A 0 12 7 8 1
25 S 2 18 3 7 2
A 1 12 1 13 2
26 S 10 17 1 4 0
A 7 11 0 7 4
27 S 0 21 8 3 0
A 2 16 8 3 0
28 S 6 14 0 11 1
A 3 13 0 10 3
29 8 6 17 6 3 0
A 5 15 2 6 1
30 S 3 19 2 7 1
A 2 18 6 3 0
31 S 2 17 2 11 0
A 3 11 6 9 0
32 S 17 13 0 2 0
A 6 16 2 4 1
33 S 4 19 4 4 1
A 2 17 7 3 0
3^ S 8 19 1 4 0
A 1 20 0 7 1
35 S 19 12 0 1 0
A 14 15 0 0 0
36 6 22 10 0 0 0
A 13 16 0 0 0
Scores 
4 3 2 1 0
Item
No.
37 S 20 10 0 2 0
A 14 11 1 0 3
38 8 7 19 0 6 0
A 2 17 3 5 2
39 S 21 10 1 0 0
A 9 16 3 0 1
40 S 9 16 1 b 0
A 1 13 1 13 1
41 S 2 25 0 5 0
i 2 13 1 12 1
42 S 16 l4 0 2 0
A 12 15 0 2 0
43 S 1 12 8 10 1
A 0 3 4 12 10
44 S 8 17 2 5 0
A 3 17 2 7 0
45 S 0 4 4 21 3
A 0 3 1 22 3
46 S 3 24 2 3 0
A 2 24 2 1 0
47 S 18 12 0 2 0
A 10 14 3 2 0
48 S 14 16 2 0 0
A 14 12 2 1 0
49 s 6 18 5 1 2
A 3 15 3 7 1
Appendix I 38
Observed frequencies for item 23, Schools A & B
Scores Science Arts
4 10 (8.36) 12 (13.64) 22
3 37 41 78
2 14 23 37
1 3 19 22
0 1 11 12
65 106 171
Theoretical frequency (8.36) is obtained by
; 13.64 by
171 171
Formula for X' - ^  W
where fg = observed frequency
fe = theoretical/expected frequency. 
(Nesbitt, 1966, p.2)
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1 3.05 2.90 + 0.15 2.93 2.98 + 0.05
2 2.02 2.15 - 0.13 1.48 2.34 0.86
3 2.77 2.43 + 0.34 2.63 2.49 - 0.14
4 2.51 2.51 - 2.43 2.58 + 0.15
5 2.72 1.86 + 0.86 2.18 2.19 + 0.01
6 3.65 2.32 + 1.33 2.96 2.69 - 0.27
7 2.80 2.54 + 0.26 2.69 2.59 - 0.10
8 1.69 1.62 + 0.07 1.66 1.64 - 0.02
9 3.05 2.75 + 0.30 2.86 2.86 -
10 2.48 1.14 + 1.34 1.86 1.46 - 0.40
11 3.72 3.26 + 0.46 3.46 3/38 - 0.08
12 3.52 3.50 + 0.02 3.40 3.61 + 0.21
13 2.99 3.16 - 0.17 3.06 3.13 + 0.07
Part B
14 1.76 1.46 - 0.30
15 2.48 2.35 - 0.13
16 2.48 2.59 + 0.11
17 1.76 2.23 + 0.47
18 2.34 2.21 - 0.13
19 3.13 3.48 + 0.35
20 2.72 3.02 + 0.30
21 1.94 2.16 + 0.22
22 2.53 2.07 — 0.46
Mean scores on items in Part
Differences between means
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Item No. Mean score Mean score Difference
23 2.80 2.23 + 0.57
24 1.88 1.61 + 0.27
25 2.31 1.80 + 0.51
26 2.62 2.40 + 0.22
27 2.52 2.72 - 0.20
28 2.42 1.91 + 0.51
29 2.55 2.02 + 0.53
30 2.31 2.47 - 0.16
31 2.55 1.90 + 0.65
32 3.35 2.92 + 0.43
33 2.40 2.35 + 0.05
34 2.68 2.48 + 0.20
35 3.57 3.26 + 0.31
36 3.86 3.39 + 0.47
37 2.88 3.31 - 0.43
38 3.00 2.36 + 0.64
39 3.51 2.95 + 0.56
40 2.62 2.32 + 0.30
41 2.72 1.95 + 0.77
42 3.22 3.31 - 0.09
43 2.25 1.37 + 0.88
44 3.11 2.91 + 0.20
45 0.95 1.16 - 0.21
46 2.74 2.72 + 0.02
47 3.60 3.42 + 0.18
48 2.89 3.00 - 0.11
49 2.79 i 2.66 + 0.13
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1 Not calculated Not calculated
2 Not calculated 3.74*
3 1.55 Not calculated
4 Not calculated Not calculated
5 4.78* Not calculated
6 Not calculated 1.35
7 1.63 Not calculated
8 Not calculated Not calculated
9 2.00 Not calculated
10 3.8* 2.11
11 3.83* Not calculated
12 Not calculated Not calculated
13 Not calculated Not calculated
Appendix I 40
t values for items in Part C of scale, Schools A and B.
Science - Arts comparison.











25 2.83 * 48 IIII
26 1.1 49 IIII
27 Notcalculated
28 2.32 t values not calculated
29 3.31 * when difference between































1 3.09 3.17 + 0.08 3.15 3.11 - 0.04
2 2.75 1.69 + 1.06 2.38 2.07 - 0.31
3 3.22 2.55 + 0.67 3.06 2.70 - 0.36
4 2.50 2.41 + 0.09 2.41 2.52 + 0.11
5 2.66 1.90 + 0.76 2.0 2.67 + 0.67
6 3.59 2.83 + 0.76 3.35 3.07 + 0.28
7 3.03 2.52 + 0.51 2.79 2.78 - 0.01
8 1.69 1.38 + 0.31 1.53 1.56 + 0.03
9 2.91 2.72 + 0.19 2.97 2.63 - 0.34
10 2.22 1.00 + 1.22 1.35 2.00 + 0.64
11 3.66 3.07 + 0.59 3.50 3.22 - 0.28
12 3.75 3.59 + 0.16 3.65 3.70 + 0.05
13 3.09 2.69 + 0.40 2.85 2.96 + 0.11
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No. Mean score Mean score Difference
23 2.81 1.97 + 0.84
24 2.25 2.07 + 0.18
25 2.34 1.90 + 0.44
26 3.03 2.35 + 0.68
27 2.56 2.59 - 0.03
28 2.41 2.10 + 0.31
29 2.81 2.62 + 0.19
30 2.50 2.66 - 0.16
31 2.31 2.28 + 0.03
32 3.41 2.76 + 0.65
33 2.66 2.62 + 0.04
34 2.97 2.45 +0.52
35 3.53 3.48 + 0.05
36 3.69 3.45 + 0.24
37 3.50 3.14 + 0.36
38 2.84 2.41 + 0.43
39 3.63 3.10 + 0.53
40 2.88 2.00 + 0.88
41 2.75 2.10 + 0.65
42 3.38 3.28 + 0.10
43 2.06 1.00 + 1.06
44 2.88 2.55 + 0.33
45 1.28 1.14 + 0.14
46 2.84 2.93 - 0.09
47 3.44 3.10 + 0.34









1 Not calculated Not calculated
2 3.42* 0.9
3 2.48 1.29
4 Not calculated Not calculated
5 2.31 2.03
6 3.46* 1.17
7 2.13 Not calculated
8 1.29 Not calculated
9 Not calculated 1.42
10 4.1* 1.97
11 3.69* 1.65
12 Not calculated Not calculated
13 1.67 Not calculated
t values were not calculated where difference in mean 
score was less than 0.20, unless the variance was small, 
(see table of mean scores).
Appendix I 42
t values for items in Part C of scale, School C.
Science - Arts comparison.

























































































Reliability coefficient = 0.709
Combined correlations , Part B , Schools
N N - 3 r Z (N - 3)2















.2716 = Z 
.265
88.298
Reliability coefficient = 0 .419
























.6296 = Z 
.558
204.636
Reliability coefficient = 0.?16
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Combined correlations, Part D, Schools
N N - 3 r Z (N - 3)Z
75 70 .222 .2258 15.805
176 173 .131 .1317 22.784
85 82 .184 .1861 15.260
325 53.850
53.850 = .1656 = Z 
#*• r = .164 
Reliability Coefficient = 0.282
Combined correlations,Part A, postgraduates
N N - 2 r Z (K - 2)2
57 55 .325 .3372 18.546
57 65 .562 .6358 41.327
120 59.873
59.873 = .4989 = Z 
= . 461
Reliability coefficient = 0.631
Combined correlations,Part B,postgraduates
N N - 2  r Z (R- 2)Z
57 55 .285 .2931 16.121
67_________ 65_______ . J U ______.3250________ 21.125
120 37.246
= .3103 = Z 
.‘.r = .301
Reliability coefficient = 0.463
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Combined correlations , Part C , post graduates
N R - 2 r Z (R - 2)Z
57 55 .319 .3305 18.178
67 65 .406 .4308 28i002
120 46.180
46.180
120 0.3848 =: Z
A r = .367
Reliability coefficient= 0.537
Combined correlations , Part D, postgraduates
R R - 2 r Z (R - 2)Z
57 55 .294 .3029 16.660






Reliability coefficient = 0.404
Combined correlations ,Whole scale ,postgraduates
R R - 2 r Z (R - 2)Z
57 55 .623 .7299 40.145
67 65 .619 .7234 47.021
120 87.166
87.166
120 .7263 = Z
,‘<r = .621
Reliability coefficient = 0.766
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Combined correlations, parts A , B , C , postgraduati
R R - 2 r Z (R - 2)Z
57 55 .581 .6640 36.520
67 65 .652 .7788 50.622
120 87.142
87.142 
120 ■ •7261 = Z
» / I" — *621
Reliability coefficient = 0.766
Combined correlations, whole scale. Schools
R R - 3 r Z (R - 3)2
73 70 .588 .6746 47.222
176 173 .595 .6853 118.557
85 82 .762 1.001 82.082
325 247.861
247.861 = . 
325
7626 = Z
» # I* - •643
Reliability coefficient = 0.783
Combined correlations t a ,b ,0, Schools
R R - 3 r Z (R - 3)2
73 70 .635 .7497 52.479
176 173 .650 .7753 134.127
85 82 .784 1.056 86.592
325 273.198
=  .8406 =  
r = .686
Reliability coefficient = 0.814
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Formula for t(or critical) ratio, large samples.
y # !  " k (Q)
where sf = the variance of one sample.
28. = the variance of the other sample
Formula for t value, small samples, i.e. less
than 30.
t = - %2
£ ' 4.h /  n .
2where s = the ’pooled* variance of the two
samples.
Appendix II 1
Copy of letter to scientists.
Attitudes towards Science
I am carrying out some research into the attitudes of both 
scientists and non-scientists towards science as a method of 
investigation. Part of this work has involved the construction 
of an attitude scale which is based on a questionnaire given to a 
large sample of sixth-formers and graduates: the items included
in the attitude scale were significant at the 1% level when two 
criterion groups were compared. I am now using this scale to 
compare various groups of scientists with each other and I am 
writing to ask if you will co-operate in this work by completing 
the enclosed attitude scale.
The instructions for completing the scale are given on the 
front cover and repeated at the top of page 1: there are 56 items 
to which you are asked to respond and a few questions which ask for 
additional information. The scale has been constructed so that 
completion is relatively quick: 10-20 minutes is the amount of
time usually required. I hope you will be willing to complete the
form and return it to me in the stamped addressed envelope which has
been provided.
The scale is being sent to a random sample of scientists (biologists, 
chemists, physicists, psychologists and sociologists) working in 
University Departments as well as a sample of Fellows of the Royal 
Society: a good response will enable an estimate of the precision
of the statistical results to be obtained.
If you would like to receive a brief report of the results of 
this investigation, please place a X beside your identifying number on 
page 5 of the booklet. I would also be pleased to receive any comments
you may wish to make about the attitude scale.
Appendix II 2
Summary of data for scientists and Fellows.
Biologists Chemists Physicists
Part of 
Scale Research Fellows Research Fellows Research Fellows
A 30-46 35-47 31-47 35-47 33-44 29-47
Range of 
scores B 19-35 12-27 18-33 21-30 16-30 16-29
C 16-100 59-85 56-84 58-87 63-90 63-85
A 39.0 40.6 38.7 43.3 39.2 39.6
Mean
scores B 23.5 21.3 23.3 24.7 22.6 22.6
C 73.8 74.9 72.0 73.8 76.1 73.0
A 4.97 3.47 4.08 3.56 3.01 3.61
Standard
deviations B 3.83 3.51 3.48 2.71 3.85 3.24
C 8.38 5.95 13.82 9.85 7.32 5.30
N = - 18 20 22 9 18 23
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Analysis of Variance; Part A ; postgraduates, scientists and Fellows.




df = 1 6 3 - 9  = 134
1 ( 1 + 1 4. 1 + 1 + 1 + 1 + 1 + 1  + 1 )
 ̂ 9 (20 17 IT" ÏS 22 ÎB 20 9 23
= 0.1111 X 0.3326 
= 0.0392 
MS„ = = 20.634
3. CMS,, = 0.0392 X 20.634 = 1.222W
Mean scores for groups
PG Scientists Fellows Totals
Biology 36.4 a 39.0 e 40.6 i 116.0 m
Chemistry 36.9 b 38.7 f 43.3 j 118.9 n
Physics 34.0 c 39.2 g 39.6 k 112.8 0
TOTALS 107.3 d 116.9 h 123.5 1 347.7 P






= a ,2 2 2 -2 2 .2 .2 ,2 p+ b + c + e + f + g + i + j + k  -
=  13489.31 -  13432.81 =  36.30





= 13477.03 - 13432.81 = 44.24
2 2 2 2 = m + n + 0 - p
3 3 3 9
= 13439.02 - 13432.81 =6.21






variation SS df MS F ratio
X 44.24 2 22.12 18.13 *
Y 6.21 2 3.11 2.33
X X Y 6.03 4 1.31 1.24
Error
estimate 134 1.22
Analysis of variance: Part C ; postgraduates, scientists and Fellows,
1. Within treatments SS = 108l4.191
2. df = 134
3. c = 0.0392
4. MS,, = 10814.191 
 Ï5T“
3. cMS^ = 0.0392 X 70.222 
Mean scores for groups.
= 70.222 
= 4.16
PG Scientists Fellows Totals
Biology 72.2 73.8 74.9 220.9
Chemistry 69.7 72.0 73-8 213.3
Physics 69.0 76.1 73.0 218.1














variation SS df MS F ratio
X 26.41 2 13.21 3.18 +
Y 4.86 2 2.43 2.43




Mean scores and standard errors.
Part A of scale, postgraduates, scientists and Fellows.
Mean score for postgraduates = 107.3 = 35.8
3
SE^ (formula G) = 20
=y  2.293 X .171 
= 0.626
Mean score for _ n A  q
scientists " — = 39.0
ro .jr .
Mean score for 
Fellows
=y  2.293 X 0.136 
= 0.398
= 123.3 = 41.2 
3
= /2.295 ( 1 V (20 + T  +
1 ) 
23 )
= y 2.293 X 0.205
= 0.686
Part C of scale.






Mean score for postgraduates = 221.9
3
= 74.0
= 77.8 X 
= 1.102
0.136







Comparison of means, Part A , scientists.
1. Postgraduates (PG) Scientists (S) Fellows (F)
X 53.8 39.0 41.2
n  53 58 52
2. G =y 20.634 = 4.342
3. Significant studentised ranges (Z) for a 1%  Multiple Range Test.
P 2 3
*^2 " 5.643 3.796
4. Significant range factors (R’p)
P (2) (3)
R ’p 16.347 17.241
3. Test:
^ F ■ ^ poj = 5.4 X 7.243 = 39.123 >  R'
therefore significant.
^  - "S ) ^ 7-405 = 16.291 <  RV
therefore not significant
)





Summary of data for undergraduates.
Appendix II 6
Year 1 Year 2
Part of 
Scale Men Women Men Women
A 24-42 22-40 13-40 22-37
Range of 
Scores B 18-26 17-26 17-28 14-26
C 44-84 41-82 34-73 30-73
A 32.3 32.4 27.6 29.7
Mean
Scores B 22.2 22.4 23.1 21.2
C 67.5 69.4 60.3 61.3
A 5.53 3.98 7.37 4.31
Standard
Deviations B 2.99 2.59 3.39 3.12
C 10.93 8.54 12.19 6.61
N = - 10 23 10 13
Appendix II 7
Two-way analysis of variance. Part A undergraduates,
1. Within treatments SS
2. df = 38 - 4
3. c =1  ( 1, +_!_ + .1. )4 (10 23 10 + 13)
4. MS,, = 1309.270







Mean scores for groups.
1st yr. 2nd yr. Totals
Men 32.3 a 27.6 d 39.9 g
Women 32.4 b 29.7 e 62.1 h
Totals 64.7 c 37.3 f 122.0 i




= 3736.9 - 3721
= 0̂  +
T  T  “ T
= 5754.69 - 3721
2 2 2 Between Q = g + h - i
SS 2 “  T
ZXQ
= 3722.21 - 3721
= 1 - 11 - 111
= 13.90 (i)
= 13.69 (ii)




Source of SS df MS F ratio
variation
Z 13.69 1 13.69 6.20+
Q 1.21 1 1.21




Two-way analysis of variance, Part B , undergraduates.
1. Within treatments SS = 498.808
2. df = 34
3. C = 0.0792
= 9.2374. MS,, = 498 - 808 W — ^ --
3. cMS^ = 0.0792 X 9.237
Mean scores for groups.
= 0.73
1st yr. 2nd yr. Totals Between Z 
SS
= 0.03
Men 22.2 23.1 43.3 Between Q = 0.73
SS
Women 22.4 21.2 43.6
Z X Q = 1.09
Totals 44.6 44.3 88.9
Total SS = 1.83
SUMMARY TABLE
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Source of 
variation SS df MS F ratio
Z 0.03 1 0.03
Q 0.73 1 0.73 1.0





Two-way analysis of variance, Part C , undergraduates.
1. Within treatments SS = 3070.692
2. df = 34
3. C = 0.0792
= 93.9024. MS,, = 5070 - 692
” — 34—
3. cMS^ = 0.0792 X 93.902
Mean scores for groups.
= 7.44
1st yr. 2nd yr. Totals Total SS = 39.13




Women 69.4 61.3 130.7 Between Q = 1.83
Totals 136.9 121.8 238.7
SS 




variation SS df MS F ratio
Z 57.00 1 57.00 7.66*
Q 1.83 1 1.83





Means and standard errors. Part C, undergraduates.
Mean score for first year undergraduates = I36.9
2
SE.. = / 93.902 ( 1 ' 1 )
J — T —  (Î5 + 13)
= 68.3
= J 23.476 (0.14) = 1.81
Mean score for second year undergraduates = 121.7
2
= 60.9
= J 23.476 (0.177) = 2.04
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YEAR 1 YEAR 2
N= 55 23 24 82
fX i 1153 iii 662 V 918 vii 2713
fX^ ii 37379 iv 19886 vi 35564 vii 92829
Total SS = viii - (vii)^ = 92829 - 89760.39
. \2
= 3068.41 (a)
...\2 ...\2Between groups = (i) + (iii) + (v) - (viii)
SS 35 23
Within groups = a - b 
SS
SUMMARY TABLE
= 90844.41 - 89760.59 
= 1083 .82 (b)
= 1984.39
Source of 
variation SS df MS F ratio
Between
groups 1083.82 2 341.91 21.37*








Year 1 Year 2
N= 35 23 24 82
fX i 2410 iii l400 V 1750 vii 5560
fX^ ii 168988 iv 87274 vi 128480 viii384742












= (  + (  + (v) - {^vii)
"FT
= a - b
2




variation SS df MS F ratio
Between
groups 1772.15 2 886.08 11.72*
Within




Comparison of means, Part A, undergraduates and social scientists.
See Appendix I 11Î for the procedure for Duncan's New Multiple Range test.
1. Undergraduates Undergraduates Social
Year 2 (UG^) Year 1 (UG^) Scientists (Sc)
X 28.8 32.4 38.3
n 23 35 24
2. 8 = J 25.121 = 5.012
3. Significant studentized ranges (Z) for a 1% Multiple Range Test.
p 2 3
h^ = 79 3.762 3.922




( * 8c " * UGg ) ^ X 4.846 = 46.057 >  E ’
therefore significant.
 ̂X - X )/2(35)(24)' = 5.9 X 4.934 = 29.111 >  R'
'■ “‘'l 4 35+24
therefore significant
( X( UG^ " U g J  = 5.6 X 5.269 = 18.968 > R'
therefore significant.
6. Summary:




Comparison of means, Part C, undergraduates and social scientists.
1. UG2 UGi SS
X 60.9 68.9 72.9
23 35 24
2. s = j 75.63 = 8.696
3. Significant studentized ranges (Z) for a 1%  Multiple Range Test.
P 2 3
= 79 3.762 3.922




( ""sc - ^Gg 5 ./ 2 (23) (24) J 23+24 = 12.0 X 4.846 = 58.152 > R'̂
therefore si^ynificant.
( *SC " * UG^)^
/2 (35) (24) 
1 35+24 = 4.0 X 4.934 = 19.736 < R »2
therefore not significant. 
( - - )( - X UgJ J  * 5.269 = 42.152 > R-2
therefore significant.
6. Summary;
Undergraduates Year 2. Undergraduates Year 1. Social Scientists.
60.9 68.9 72.9
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Means and standard errors.
Mean score on Part A for Social scientists = 38.25 
SEm
V N - 1   (S)
where S = standard deviation of sample
4.355 = 4.535 = 0.90
/23 ^
Mean score on Part A for first year undergraduates = 32.4
SE = 4.479 = 4.479 = 0.77
734 5.851
Mean score on Part A for second year undergraduates = 28.8 
SE = 6.014 = 6.014 = 1.28
j =  ^
Mean score, Part C, social scientists = 72.9
SE = 6.04l = 1.26
(using formula S) 4.79&
Mean score. Part C, first year undergraduates = 68.9
SE^ = 9.323 = 1.60
5TB3Î
Mean score. Part C, second year undergraduates = 6O.9 
SE_ = 9.456 = 2.02
O 9 Ô
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Copy of letter to Biology Tutors.
Attitudes to Science 
I am carrying out some research into the attitudes of both 
scientists and non-scientists towards science as a method of 
investigation. Part of this work has involved devising an attitude 
scale which is based on a questionnaire given to a large sample 
of graduates and sixth-formers. The items in the scale were significant 
at the 1%  level when two criterion groups were compared. I am now try­
ing to use the scale to compare the attitudes of different kinds of 
scientists; this will include a random sample of Biologists, Chemists 
and Phycisists, working in University Departments as well as a sample 
of Fellows the the Royal Society.
I am also sending the scale to members of the UBET, who I hope 
will form a criterion group of "keen and committed" biologists;therefore,
I shall be grateful if you will complete the enclosed attitude scale and 
return it to me in the stamped addressed envelope provided. The scale 
has been planned to facilitate,easy completion; 20 minutes is the maximum 
amount of time usually required.
The instructions are provided on the front cover of the booklet, 
and the system for marking is repeated at the top of page 1 (on the 
inside): there are 56 items to which you a r e  asked to respond, and
another 6 questions which ask for additional information. I hope you 
will take part in this exercise, as a good response will enable 
conclusions to be based on satisfactorily reliable results.
If you would like to receive a brief report of this research, 
please place a cross against your identifying number on page 5 of the 
booklet. I would also be pleased to receive any comments that you may 
wish to make about the attitude scale.
Responses or scores of biology tutors on all items,
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Score Criterion of agreement
Item No. 4 3 2 1 0 309̂
1 9 7 3 1 0 Y
2 4 10 3 1 0 Y
3 6 11 2 1 0 Y
4 13 7 0 0 0 Y
3 12 12 5 1 0 Y
6 l4 2 4 0 0 Y
7 13 4 1 0 0 Y
8 0 8 6 4 2 N
9 8 8 2 2 0 Y
10 0 4 13 1 0 N
11 8 8 3 0 1 Y
12 17 2 0 1 0 Y ,
13 16 4 0 0 0 Y
l4 2 l4 2 0 2 Y
13 4 7 3 3 1 Y
16 6 10 1 2 1 Y
17 4 8 4 4 0 Y
18 8 9 1 2 0 Y
19 13 3 2 0 0 Y
20 9 6 4 1 0 Y
21 3 8 3 4 0 Y
22 9 10 1 0 0 Y
23 2 10 6 1 1 Y
24 6 11 2 1 0 Y
23 1 2 8 6 3 N
26 10 6 1 2 1 Y
27 1 6 6 3 2 N
28 2 3 0 8 5 N
29 6 9 3 0 2 Y
30 13 6 1 0 0 Y
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Responses or scores of biology tutors on all items.
Score Criterion of agreement
Item No. 4 3 2 1 0 509̂
31 4 12 2 1 1 Y
32 10 8 2 0 0 Y
33 9 10 1 0 0 Y
34 7 13 0 0 0 Y
33 12 6 1 0 1 Y
36 18 2 0 0 0 Y
37 15 2 2 1 0 Y
38 5 6 4 4 1 Y
39 8 9 1 2 0 Y
4o 4 10 2 4 0 Y
4l 3 9 4 3 1 Y
42 7 12 1 0 0 Y
43 0 3 6 10 2 N
44 8 10 2 0 0 Y
45 0 5 2 10 3 N
46 1 13 6 0 0 Y
47 9 8 1 2 0 Y
48 12 8 0 0 0 Y
49 2 15 0 1 2 Y
50 6 7 5 2 0 Y
51 4 11 2 3 0 Y
52 4 10 5 1 0 Y
53 3 10 3 2 2 Y
54 3 12 3 2 0 Y
55 8 10 2 0 0 Y
56 7 10 1 2 0 Y
N.B. Y = fulfills criterion
N = does not fulfill criterion
Appendix II l4.
Copy of letter to schools
Attitudes to Science 
I am carrying out some research into the attitudes of both 
scientists and non-scientists towards science as a method of 
investigation. Part of this work has involved the production of 
an attitude scale, one of which is attached to this letter.
One of the comparisons which I wish to make is between sixth- 
formers who have been following a Nuffield 'A’ level Biology course 
and sixth-formers who have not. I am writing to you to ask if you 
will allow your sixth-form biology students to complete copies of 
the attitude scale which are in the large envelope. The instructions 
for completing the scale are on the front page and are quite explicit: 
the scale takes between 10-20 minutes to complete and was designed to 
make completion as easy as possible.
I apologise for writing to you at such a busy time of the year, 
but I want to get the sixth-formers responses now that the examination 
stresses are over. It was also my intention to contact schools before 
sending the scales, but difficulties over printing them have forced me 
to adopt this method, as I would like to get the responses of this 
year’s students before they leave school. I must also point out that 
this is a personal piece of research and does not emanate from the 
Nuffield Science Teaching Project - although Professor Keohane and 
Mr. W.H. Dowdeswell have given me permission to approach schools 
following Nuffield Biology courses and have provided the information 
by which the schools have been selected.
If you are willing to allow your sixth-form biologists to complete 
the scale, I should be grateful if you would administer the scales 
labelled A to students in the lower (first-year) sixth and scales 
labelled B to students in the upper (second-year) sixth and return
Appendix II l4.
both the completed and uncompleted scales to me in the stamped, addressed 
envelope provided.
If you are unwilling or unable to allow completion of the scale, 
please seal the envelope containing the scales and return it to me.
I hope, however, that you will be able to co-operate in this study which 
is attempting, amongst other things, to indicate the effect of differing 
courses on the attitudes of sixth-formers.
If you would like to receive a brief report of this research, 
please place an X beside the identifying number on the inside cover of 
one of the completed scales. I should also be pleased to receive any 
comments you would wish to make about the attitude scale.
Thank you for your co-operation.
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A 22-4? 32-47 19-44 24-47
B 15-52 15-33 15-29 10-32
Range of
scores C 66-87 63-88 63-88 63-84
ABC 104-157 117-166 101-160 109-161
A 55.10 38.63 36.85 37.15
B 23.18 24.45 22.58 23.13
Mean
scores C 75.45 76.00 72.85 74.68
ABC 151.75 139.08 132.28 134.95
A 4.94 4.60 5.83 5.79
B 5.90 3.49 3.65 3.84
Standard
Deviations C 9.66 7.45 7.65 5.70
ABC 12.74 10.57 23.55 11.85
N 40 for each group
Appendix II l6.










N= 40 40 40 40 160
fX i 1404 ii 1545 iii 1474 iv i486 V 5909




X - (v) = 223003 - 218226.76
I5o
"4Ô "To
= 4776.24 (xi) 
ii
4Ô
(i)^ + (ii)^ + (i )^ + (iv)^ - (v)^"4Ô"
Within 
cells SS = XI - Xll
ÏÜÔ“






(i + ii)^ (iii + iv)'






P X Q SS
= 218227.51 - 218226.76
= 0.75 (xiii)
(i 4- ii)^ (ii + iv)^ (v)^
55 BÔ “ 160
= 218373.06 - 218226.76
= 146.30 (xiv) 
xii - xiii - xiv = 104.02
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N= 40 40 4o 40 160
fX i 927 ii 978 iii 903 iv 925 V 3735






=  89391 -  87095.56
= 2295.44 (xi)
(i)^ + (ii)^ + (iii)^ + (iv)^ - (v)^
40 4o “45 4Ô 160








(i + ii)^ (iii + iv)^ - (v)^
BÔ 55 160
= 87132.61 - 87095.56 
= 37.05 (xiii)
(i + iii)^ (ii + iv)^ - (v)^
80 E d  "ïéô"
P X Q SS
= 87128.86 - 87095.56 
= 33.30 (xiv) 
xii - xiii - xiv = 5.27
Appendix II 16











N= 40 40 40 40 160
fX i 2938 ii 3040 iii 2914 iv ' 2987 V 11879
fX^ vi 219528 vii 233262 viii 214628 ix 224355 X 891773
SUMMARY TABLE
Source of 
variation SS df MS F ratio
P 57.05 1 57.05
Q 191.40 1 191.40 5.04t
P X Q 5.27 1 5.27
Within 9597.77 156 63.02
Totals 9831.49 159










N= 40 40 4o 40 160
fX i 5269 ii 5563 iii 5288 iv 5598 V 21518





SS df MS F ratio
P 133.22 1 133.22
Q 1020.10 1 1020.10 4.02
P X Q 211.60 1 211.60
Within 39542.05 156 253.48
Totals 40906.97 159
